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Tms3 work was suggested by Mr. Clemotits R. Markbam’s 
“ Memoir on tlio Indian Surveys,’’ in wliicli the geographical and 
other kindred operations carried out in India from the date of 
the British occupation Avore reviewed in a most picturesque and 
masterly manner. In 1878 a second edition of Mr. Markham’s 
work was published, in which the narrative was brought up to 
1 WJ5, and in some cases for a year or so later. For the last fifteen 
years I have been accumulating notes in moments of leisure, 
with a vknv to the publication of a volume which might serve as a 
coutinuaition to that by Mr. Markham, and tie kind support 
given to* the })roject by the Secretary of State for India and the 
Yicoroy has noAv enabled me to present the work in a more or 
less cqmj)lete shape. From unavoidable circumstances the arrange- 
ment of matter is not identical with that adopted by Mr. Markham, 
but I believe I have conformed to it sufficiently to make reference 
easy, and wherever the soui'ce of information is not specially 
mentioned, it may be assumed that it will be found in the official 
Annual Report for the particular year. 

I have to express my sincere acknowledgments to those friends 
who have been good enough to read through the proofs and favour 
tne With numerous suggestions, of which I have gladly availed 
myself. To General J. T. Walker, R.B., O.B., F.R.S., &o., 
formerly Surveyor- General of India, I am indebted for his careful 
.revision of the Trigonometrical, Geodetic, and other chapters. 
Colonel H. R. Thuillier,»R.B., the present Surveyor-General of India, 
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has also supplied much useful additional matter in Chapter XI, 
Mr. W. T. Blanford, F.R.S., has furnished me with several 
valuable comments on the Geological Section ; Mr. H. F. Blanford, 
F.R.S., kindly revised the Meteorology; Sir W. W. Hunter, 
K.C.S.I., O.I.B., suggested some improvements in the brief chapter 
on the Statistical Survey ; while Commander A. D. Taylor, late I.^., 
and Commander A. W. Stiffe, late I.N., Colonel W. Barron, B.8.C., 
Colonel W. J. Heaviside, R.E., Mr. E. Roberts, P.R.A.S., and 
Mr. T. Cushing, F.R.A.S., have been obliging enough to give 
similar aid in respect of the chapters dealing with Marine Surveys, 
Revenue Surveys, Geodetic Observations, Tidal and Levelling 
Observations, and the Supply of Scientific Instruments, respectively. 
Colonel J. Waterhouse, B.S.O., Major H. Raverty, and Mr. Ney 
Elias, C.I.B., have also given valued assistance in other ways. 
Last, but by no means least, Dr. Jas. Burgess, O.I.E., has shown 
great interest in, and supplied most useful information for the 
Chapter dealing with Indian Archaeology, a subject in which be is 
an eminent and acknowledged authority. 

My object has been to supply an outline sketch of the remarkable 
labours achieved during the last fift^eji__years by the chipf Indian 
scientific departments, and to facilitate reference to th? detailed 
records of those services. Any possible success that may have 
attended this effort is greatly due to the kind encouragement and 
co-operation shown by the above gentlemen. 

CHARLES E. D. BLACK. 


London, October, 1891. 
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INDIAN MARINE SURVEYS."' 

First Period, 1875-82. 

The survey of the coasts of India has over been a matter of high 
importance for navigators, and from the days of the old Bombay 
Marine and its successor, the Indian Navy, the ()b8orvati(^is of tlig bold 
and experienced seamen belonging to tliose services bore rich fruit 
in the labours recorded in the pages of the “ Memoir on the Indian 
Surveys.” The operations of these Indian officers extended to the 
Red Sea, the Persian Gulf, Arabian and African coasts, China Sea, 
and other regions far beyond the limits of India proper. But in 
1862 the Indian Navy was abolished, and no arrangement was made 
for continuing the excellent survey work for which the service had 
become renowned. After a long period of inaction, a small but 
efficient and economical department was at length organised in 
187£, unde# the superintendence of Commander A. D. Taylor, late 
I.N., a good start was niade, and an encouraging record of work 
achieved had been shown in the pages of the first report. 

In the" spring of 1876 Commander Taylor started on a tour of 
inspection of the principal poits on the coast of Burma, where two 
steamers had struck some little time previously on rocks unmarked 
on the existing charts. Akyab, Bassein, Rangoon, Moulmein, 
Tavoy, Mergui, and the Pakchan river were visited, as well as the 
ultra- Indian ports of Kopah and Junkseylon on the Siam Coast. 
Frym this inspection, after examining the chart of Amherst, which 
was found most incorrect and incomplete. Commander Taylor 
arrived, at^ the conclusion that no large port of British India so 
much required to be carefully surveyed. Navigating Lieutenant 
Jarrad, R.N., was accordingly despatched in the “ Clyde ” to execute 

• The spelling of Indian proper names has been assimilated to that adopteii in the 
Imperial (jfpzetteer of India. 
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the survey during the year 187B-77. The Admiralty chart of 
Tavoy river was also found to he very erroneous, hut during a hriof 
stay Commander Taylor was enabled to take ohservatious and 
soundings which resulted in a more reliable chart being pro- 
duced. At Junksoylon he met Captain A. de Richelieu, Siamese 
Royal Navy, commanding the gunboat “ Coronation,” from whom 
an excellent preliminary survey of that island was obtaijied, and 
published at Calcutta.'"' 

In July Commander Taylor proceeded, with Navigating Sub- 
Lieutenant E. W. Petloy, R.N., to False Point to report how the 
sum of Rs. 30,000, applied for as a loan to the Port Fund, could lysst 
be spent in the interests of the port. On this an elaborate repoit 
was submitted to Government. In the follow'ing March he was 
deputed to G^a with instructions to visit the harbours of Karwar 
and Marmagao and report on their relative merits as shelter-giving 
anchorages during the S-W. monsoon. On careful consideration. 
Commander Taylor came to the conclusion that Marmagao was 
superior as a natural harbour, and in some respects as regards the 
practicability of making improvements quite equal to Karwar. Two 
officers, Nav. Lieutenant Jarrad, R.N., and Mr. Falle, were stflit to 
survey Madras roadstead, and a careful sectional survey of the 
part of the roadstead and beach abreast, of the native town was 
commenced by them ami continued by Lieutenants Hammond and, 
Pascoe on the scale of (ifX) feet to 1 inch. 

Lieutenant Jarrad’s next work was to connect, astronoinically, 
Diamond Island, Rangoon, and Anihorst l^agoda, the llireo principal 
stations in tbe Gulf of Martaban essential to tlio roproductioji of 
a new chart of that locality. An elaborate sectionally sounded 
double elephant sheet survey of Moulmein river approaches was 
excellently^ carried out, comprising 105 square miles of wat(T 
closely examined, and 30 miles of coast trigonometrically laid 
down. An important correction of the true bearing of Double 
Island lighthouse from Amherst point was obtained by jLieutenant 
Jarrad, who discovered the former to be Lj miles westward 
of its true position, notwithstanding that it had already been 
eliifted a distance of 4^ miles to the eastward of the positions 
shown on the Admiralty charts. His next step was to commence a 

'* An inleresting article by Captain De Kichelicu on Salang idainl or Juiiklly'lou 
will be fouiKl at j)ago 118 ol the Geographical Magazine for 1878. 
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survey of the port of Akyab, 'in the vicinity of lYhich several 
^VreclcH had occurred, but owing to an outbreak of cholera it was 
impossible to continue operations, althougli the necessity for a 
tho:i^ough survey of the place was imicl) felt, as it is much frequented 
by<-rice traders and as a harbour of I'cfuge. 

Another survey which had to be abandoned through an epidemic 
of qjiolera was that of C^hittagong (Karnaphnli river), whore the 
encroachment of the sea had necessitated the removal of the lierhts 

O 

At Norman’s Point to some more suitable place. Lieutenant 
Hammond had been entrusted with this work, but on the arrival of 
Commander d’aylor most of the party w('ro found to bo suffering 
from fever and <lysetjtery, healthy drinking w'ater being unpro- 
curable, and heaps of half-burnt or half-buried human corpses 
encountered hero and them by the snrvej^ors in cquirse of* their 
work. Opeiations were therefore broken oif. 

• A large numhei’ of questions affecting navigation, such as 
the liindrances to the free* navigation of Basscin river, brought to 
the notice of the Secretary of State by file Livcrjjool Shipowners’ 
Association, rules affecting emigrant ships (for the better ])rotection 
against fire), improvements iu signalling on Indian coasts, amend- 
ments of Native Passenger Shi[)s Act of LS7G Avith reference to 
long and short voyages and seasons of fair and foid W(>athoi-, t*fec., 
were forwai^lod for report by the Government to the Siq)erintendent 
of Marino Surveys. The pre])aration of a complete list of Indian 
lighthouses and light-ships, with details of cost of erection and 
njaintenauco, theii' positions, distinctive characUu'istics. &c., was 
undertaken, as well as the Annual Heturn of Wrecks and Casualties 
in Indian Waters. Hydrographic Notices containing sailing’ direc- 
tion for uunkseylon or Salatig island, Mergui archipelago, Rangoon 
liver, Moulmein (Salwcn) river, KyonkPhyou, and Pulse Point were 
published, and Notices to Mariners relating to new lights, buoys, 
and ncwly-disoovcred dangers were also publishi-d and issued to the 
Indian marilimo a,uthorities, and to foreign Governments, while the 
English, Spanish, Butch, American, Chinese, German, and Indian 
noljjces were didy embodied and marked (so far as applicable) on all 
the cliEfrts in store. Altogether 3,279 charts were corrected and 
brought up to date, and a new catalogue of charts Avas issued. 

Jn the following year (1877) the Superintendent carried into 
effect his deferred tonr of inspection of tlie ports of the pouiusnla of 

A 2 



4 


INDIAN MARINE SURVEYS. 


India on both coasts from False Point round tp Bombay. Tho 
following were visited and reports made on each : — 


False Point. 

Colachel. 

Gopalpur. 

Cochin. 

Oalingapatam. 

Narakal. 

Bimlipatam. 

Boypur. 

Vizagapatam. 

Calicut. 

Coconada. 

Tellicherri. 

Masulipatam. 

Cannanur. 

Madras. 

Mangalore. 

Negapatam. 

Karwar. 

Tuticorin. 

Bombay. 


Owing to the special surveying steamer which was being 
built at Boihbay not being completed, tlie surveying operations 
during tho year were entirely carried on by two boat parties, one in 
charge of Lieutenant Jarrad, E.N., and tho other (a smallei- one) 
in charge of Mr. Morris Chapman, late I.N. The first-named 
party surveyed the port of llatnagiri (including Mirya and 
Kalbadevi bays) in foiir months, the plotting comprising miles 
of coast and 21 square miles of water soumh'd on the scale of 
4 inches to 1 nautic mile. Viziadrug, including Rajapur and 
Ambol Ghur bays, was next taken in hand, and sailing directions 
for all these parts in the shape of hydrographic notifies were also 
compiled. Both at Mirya and Viziadrug the large ])ercentago of 
iron contained in the lateritc (which in some places forms a layer 
of considerable thickness over tho igneous rock of which the coast 
is formed) exercised a very considcr.able disturbing effect on the 
compass needle, so it was with considerable difficulty that magnetic 
observations were made. Both on this account and owing to the 
inconvenience of working with boats in lieu of a well-found 
surveying vessel slow progress was made. 

At Paumben, Commander Taylor had found during his tour of 
inspection that an accurate survey .of the pass or channel between 
India and Ceylon and its approaches was much required ; the only 
existing chart being on too small a scale. The Government of 
India further desired that the examination might be complete, so 
as to enable a time estimate to be formed of the labour required 
for any subsequent widening and deepening of the channel. The 
last survey by Commanders Powell and Efhersey, iate I.N., 
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had, curiously enough, been •made exactly 40 years before. 
Several trigonometrical stations had been fixed in the vicinity by 
Major Branfill at the time of his connecting India with Ceylon in 
1875, consequently Mr. Chapman was enabled to connect his marine 
work with ease and accuracy. The whole survey was shown on two 
sheets, and no fewer than 455 miles of water wore sounded over. 
Navigatiag Lieutenants Hammond and Pascoe paid a visit to 
CocEin, Beypur, and Calicut to asci^rtain what changes had occurred 
since the last surveys. At the first-named nearly half of Vypeon 
island was discovered to hav(5 been washed away, and other changes 
had taken place necessitating a re-survey. About 10 years ago 
the monsoon sea breached through Vy])iii island at Crnj! Milagre, 
two miles north of the town, aVid so large was the body of Avater 
that groat and costly efforts were made to close it. 'I'hese foi’- 
tunately succeeded, but during the two yeai-s of exfttenco of the 
gap, the main ebb stream of the Cochin backAvater was much 
weakened, and the sandy ridge of the bar was driven m about a 
cable’s length by the monsoon swell, besides other changes. At 
Beypur and Calient minor hydrographic data Averc noted, and the 
reces.f was utilised by Lieutenant Pascoe in preparing the fair 
drawings of the ('xtendod survey of Madras, Avhich was added to 
the preAuous survey by Lieutenant Jarrad in 1S7C, the Avhole being 
^hown on one sheet and plotted on the scale of 10 inches to 
1 nautic riyie. It extended from St. Thome on the south to 
Kasimodo on the north, and comprised 5'1 miles of coast, while the 
soundings were carried out to the 10-fathom line, i.e., between 
two and three miles off" shore. 

Some important additions to the hydrography of the Siam coast 
were received from Captain A. J. Loftus, Topographer and Marine 
Surveyor to the Siamese Government. The hydrographic work 
executed by him extended along the Avest coast of the Gulf of Siam 
from Hilly Cape to Lem Chang P’ra, a distance of upwards of 
300 miles, and embraced Singora, Patani, and other anchorages 
hitherto entirely unsurveyed, and indeed unknown, and filled up a 
distinct gap in the existing charts of the coast. The work was 
wqII produced ; elaborate notes were appended to the sheets 
explaiiring how the survey was carried on, as well as a large 
nun|ber of views of various parts of the coast. These sheets Avere 
reduced to convenient scale by Mr. R. C. Carrington and published 
by permission of the Government of India at Calcutta, 
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The natural history iiivostigatioiis of the season 1877-78 wore 
necessarily confined to examining, collecting, and preserving speci- 
mens of the fauna of tlio shores near liatnagiri and Viziadrug. 
The area examirux! included the tract from the sea to the Western 
Ghats. It is only on the slopes of the hills that the various fauna 
begin to be at all abundant, or to assume any individuality of their 
own. All the intervening tract of country is parched and barren, 
and composed of a thin soil overlying a substratum of trap roCk or 
laterite, the latter being apparently detrimental to the development 
of animal organisms. The want of an elficient surveying vessel 
hampered Dr. Armstrong’s operations, but a list of about „G0 
ornithological specimens collected by him finds place in his report 
for 1877-78. Among miscellaneous papers submitted to Govern- 
ment by officers of the Department and printed in the A]ipendix to 
the Keport foV the year were the following : — 

Remarks on some ports of the Madras Presidency, after inspection 
in April and May 1877. Ey Commander Taylor, late I.N. •> 

Report on some harbours, &c. of the Bombay Presidency, after 
an inspection tour in May 1877. Ey Commander Taylor, late I.N. 

Remarks upon the sui)posed silting up of the upper ])urt‘ion of 
Bombay harbour. By Commander Taylor. 

On the history of some of the oldest races now settled in Bombay. 
With reasons for suiiposing that the present i.shind of Bombay 
consisted in the 14th century of two or more distinct islands. 
By R. X. Murphy, Esq. 

Extract from report by Mr. Morris Chapman, late I.N., on 
Paiimben channel and Kameswararn island. 

In addition to various u.seful pieces of work iierformed by 
Mr, Carrington in the compilation of new charts and of hydro- 
graphic ])ublications may bo mentioned the result of a visit of 
inspection to Bombay paid by him, on which occasion he examined 
the whole collection of charts (11,787 in number) stored in the 
dockyard there. Of these, the vast majority (10,045) proved to bo 
quite obsolete, and had consequently to bo cancelled ; the remainder 
(1,742) were corrected by liand up to the latest date by Mr. Carrington, 
and retained for issue to masters of vessels. ' o 

One of the first matters to be settled in 1878 was the selection of 
localities where tide-gauges should be erected, with a view to^ the 
determination of the moan sea-level along the Indian coasts. Tin’s 
was settled by Commander Taylor in concert with* Captain 
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A. W. Baird, R.E., Superiniondent of Tidal and Levelling Opera- 
tions, Ansits being paid to False Point, Vizagapatam, Madras, 
Paumboii (Avhoro, at Commander Taylor’s instance, Mr. Morris 
Chapman was deputed to extend his survey three miles to the 
eastAvard), Beypur, Kai-war, and Bombay. 

Ijater on, Commander Taylor Avas enabled to carry out a further 
inspection of several liarboiirs in company Avitli (/olonel Thomason, 
and'VeraAA'al, Sei’aia, aiul Culch Mandvi Avero visited. In connexion 
Avith the Culf of Cambay a petition signed by upAAmi’ds of 70 
native shipoAvners and sliijnnasters Avas submitted lo the super- 
intendent, stating that in consequence of tlie existing lights being 
insufficient, and of the imperfect slate of the chart, a large number 
of A'^essels were either Avrecked or damaged eveiy year by sand- 
banks in the gulf. The petitioners solicited that a thorough 
examination of the gulf might speedily he made in the interests of 
navigation ; but OAving to the want of a steamer, this could not 
*bo taken in hand. 

A ])rossing I'equest AA'as also addressed to the superintendent to 
cause a smvoy of Bankoto riA^er mouth to be made, as it liad the 
largest traffic of any of the Konkan riveu'S, and Avas at the same 
time A'cry dangerous. The request Avas siii>ported by Sir lliohard 
Temple, the Covei'iior of Bombay ; but as tho survey formed no 
.part of tho programme of operations sanetiom'd by the Government 
of ^ India, jt eimld not tlion bo undertaken. It was, however, 
thoroughly surveyed by No. I Boat party in the folloAving year. 
An examination of Quilon roadstead wa.s also asked for in the 
interests of the Rcottish India Coflee Com])any, Avho had largo 
investments in South Travancoro ; but this could not be undertaken 
till 1883, Avhen it was completed by Lieutenant Pascoc. 

As in the preceding season, surveying had to be carried on in 
boat parties, under the command of Lieutenant Jarrad and 
Mr. Morris Chapman. At the request of 8ir R. Temple. Governor 
of Bombay, the port of Jyghur, a harbour of refuge during the 
S.W. monsoon, and its ajqiroaches Avere surveyed on tho scale 
of 6 inches to 1 nautic mile. Although small, the harbour was 
fQ,und to possess many natural advantages, aiid to be easy of access 
for voxels of 12 feet draught in all Aveathers. I nontenant Jari’ad 
reported there was not much traffic, though at Saichor, about four 
miles from tho entrance, a very large number of pattimars Avere 
laid up <ind repaired during the monsoon. Tho outrauce to the 
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Dabhol or Aiijanwil river, where the passenger traffic by coasting 
steamers was rapidly increasing, was next taken in hand and plotted 
on a double-elephant sheet on the . same scale as the above 
survey, as well as that of Chaul, where the Chaul Kadu and other 
dangerous reefs and shoals had caused many a wreck to vessels 
making for Bombay harbour. 

Early in September 1878 Mr. Morris Chapman commenced his 
survey of Tuticorin roadstead and harbour, the soundings being 
carried out as far as the 5-fathom and 7-fathom line to the 
north and south respectively. The heat was most trying, and the 
weather so exceptionably bad that a suspension of the work became 
necessary. Mr. Chapman was deputed to make an examination of 
the water space castivard of the Shingle islands at Paumben, 
principally with the object of finding a southern deep entrance to 
the proposed'’ ship canal through Jlameswaram. Forty miles of 
Eoundings wore taken, but there proved to be no deep southern 
entrance, though there are great advantages for one to the north. 
On the 16th March Mr. Chapman became ill from severe exposui'e, 
and though he was granted two months’ leave to enable him to 
proceed to Australia, he unfortunately died before the season closed. 
He was a painstaking and hardworking surveyor, and his loss 
was severely felt in the Department. 

On the 4ith December 1878 the building of the new surveying 
steamer “ Investigator ” was commenced, and the fprmality, of 
driving the silver nail into her stem took place. The ceremony, 
peculiar to Bombay, is said to bo of Parsee origin, and is some- 
what analogous to that of depositing coins, &c. under foundation 
stones. The nail was of silver, about seven inches in length and 
three-quarters of an inch diameter near the head. The four sides 
bore the inscriptions : — (1) Indian Government surveying steamer 
“ Investigator,” Bombay Dockyard, December 1878 ; (2) The Right 
Hon’ble Lord Lytton, G.C.S.I., Viceroy and Governor-General; 

(3) The Hon’ble Sir R. Temple, G.C.S.I., Governor of Bombay; 

(4) Captain G. O’B. Carew, I.N., Officiating Superintendent of 
Marino, and Jamsetjee Dhunjeebhoy Wadia, master builder. 

During the year a Chart Dep6t at Calcutta had been established, 
and was in good working order. Printed lists of all new ‘charts 
and hydrographic publications, and information as to where 
the same were obtainable, were distributed to all Indian shipping 
agencies, and to all shipmasters calling at Calcutta ; and t^e result 
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was an increase, in the sale of Admiralty publications!, and of charts 
t)f Indian ports and anchorages. Many acknowledgments were 
received , fi'om the maritime public of the practical utility of an office 
where reliable charts and information were procurable. 

Seventeen new charts were issued during the year referred to, 
and the large number of 17,268 Admiralty and Marine Survey 
charts eorrected. Among the special reports prepared during the 
year, and reprinted in the Annual Report, were the following : — 

Memorandum on the reefs and dangers southward of Kundari 
Island, and the necessity for bettor marking those dangers by night, 
by Navigating Lieutenant Jarrad, R.N. 

A description of some new species of Hy droid Zoophytes from 
the Indian Coasts and Seas, by Surgeon J. Armstrong, Medical 
Officer and Naturalist. 

Reports by Commander A. 13. Taylor, late I.N., (fu the l^haoton 
Shoal and Alguada Reef, and on the various ports, &c. inspected by 
him during the season. 

A thorough inspection of the lighthouses and light-vessels of 
India, with such imoposals for their iniproveraont as might seem 
bcsf’in the interests of iiavigatioii, was one of the early aims of the 
Marine Survey Department. This inspection Commander Taylor 
was enabled to carry out in the year 1879-80, and his general report 
upon the Indian lights is printed in full in the Report for that year. 
It contains some useful observations and suggestions in regard to 
92 lights, from Karachi to Coco islands. A supplementary report 
in the same volume deals with the question of the relief and 8upj)ly 
of Indian lighthouses and their periodical inspection. 

Owing to the untimely death of Mr. Morris Chapman, I.N., the 
temporary abolition of No. 2 Boat party, and the postponement of 
the surveys of Beypnr and Cochin had become necessary ; and as 
Lieutenant Jarrud’s health was impaired, arrangements were made 
for him to remain at Bombay and for an amalgamated party 
under him and Lieutenant Petley to take up the survey of the Bombay 
harbour, which the experience of the previous year had shown to 
be necessary. 

» Th'e first survey undertaken, however, was that of Karwar, which 
was plotted on the 6-inch scale by Lieutenant Petley ; but owing 
to» the inefficiency of the small steam cutters at the disposal of the 
party, the survey could not be extended so far to the north and 
south »8 was desirable. Bankote was also surveyed on the same 
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scale, and on its completion the party moved to Marmagao, where 
a minute examination of that port was made at tlie request of the 
Bombay Government, acting on the suggestion of the Bnginoor-in- 
Chief of the proposed Hubli-Marmagao Railway. This work was 
completed at the hottest period of the year, and ivas rendered 
exceptionally trying by the prevalence of the Kanara fever, which 
occasioned much sickness among the party. 

The special reports printed in the Appendix to the Annual Report 
for 1879-80 comprised reports on Raise Point harbour, and the 
great modifications and movements of sand going on there, two 
memoranda on Coconada, and a now deep channel into the 
Godavari river, and a memorandum on the proposed breakwater 
at Marmagao, all by Commander Taylor, while some general notes 
on the •topogra^jhy and history of the latter place were written by 
Lieutenant Potley, with the assistance of Dr. J . Gerson da Cunha. 

During 1880-81 the surveying operations consisted of a careful 
survey by Lieutenant Petley of the Bombay foreshore from the 
Prongs lighthouse to Mazagon, and to an average distance of 
7,500 feet seaward. The result was to discover many rocky 
jiatches and also less water on the Raleigh shoal than shown on 
the existing charts. Lieutemant Potley then proceedc'd to Goa, 
where by the 2()th Fc^bruaiy all the seaboard coast ami islands wei’e 
mapped and 55 square miles of water were minutely exfwuiucd, the 
sounding lines being rini in sections’, thosi' over shoal and dangerous 
ground being as close as possible. The Portuguese Governor- 
General took great personal interest in the progress of the survey, 
and had it not been for this, the dilRculties would have been far 
greater than they were, for the natives somehow formcid the idea 
that the survey party were connected with the new salt tax treaty, 
which was very unpopular, and many petty annoyances often 
occurred. The survey of the Sunchi reef was awkward and 
perilous, as the sea when ajiparently quite smooth would suddenly 
pile up on the reef and develop into tremendous breakers, and with 
the place full of sharks, the danger from a capsize was great. A 
good descriptive and historical sketch by Lieutenant Petley of Goa^ 
its forts, churches, rivers, islands, &c., is printed in the Appendices 
to the Reports for 1879-80 and 1880-81. In the month of May 
Lieutenant Petley made a hasty survey of the approaches to Princes, 
Dock, Bombay. The general result of the season’s wbrk at 
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Bombay was that eight miles of coast lino were triangulated and 
20 square miles of water soundings were taken. 

Lieutenant W. H. Coombs commenced a survey of the port of 
Rangoon in November 1880 and completed it in March of the 
following year, the sjiace sounded being eight square miles, and the 
length of coast measured a little more than 20 miles. Some notes on 
the hist(iry and topography of Rangoon wore compiled by Lieutenant 
Codmbs during his .stay, and find place in the Ro})ort. 

During the summiu* and autumn of 1881 Mr. P. J. Pallo executed 
a survey on the scale of 400 feet to the inch of that portion of 
lloAvdeswell island (Orissa coast) which lic's north of Tlukitollah, and 
is most seriously alFected by the action of the winds and waves of the 
southerly monsoon, as also by the river freshets. Mr. Falle also 
made observations later on in the year on the set and velocity of 
the tides in the harbour. 

On the 3rd March 1881 thonew surveying steamer “ Investigator ” 
was launched, and Lieutenant L. S. Dawson, R.N., an able surveyor 
of 18 years’ standing, possessing considerable experience of hydro- 
graphical matters, was appointed to the command of the vessel. 
He (fi'ontually succeeded Commander Taylor in the Superintendont- 
shij) of Marino Surveys. 

The work at hoadcpiarters consisted in tendering advice on a 
variety of matters of a scientific description aflecting navigation to 
tl(p Govorlvnent of India and the local governments and administra- 
tions. In May 1881 the supcrintmident was appointed Pi’esident of 
a Committee on Indian Liglithou.se Administration. 

In 1880 events arose which ultimately had a most im])ortaut 
bearing on the future of the Department. In the early part of that 
year disagreements began to crop up between Mi'. R. Carrington, 
the Superintendent of the Drawing Branch, and some of the Royal 
Navy officers who had been lent for surveying service by the Lords 
of the Admiralty, and this culminated in th(» services of Navigating 
Jjioutenant F. W. Jarrad, R.N., being replaced by the Government 
of India at the dispo.«al of the Admiralty on the ()th February 1880. 
Lengthy correspondence followed between the Indian Government, 
the ODnimander-in-Chief on the East Indian Station, the Lords of 
the Admiralty, and the Secretary of State for India. This led 
eventually to the Government of India determining to institute an 
inquiry into the working of the Marino Survey Department, and a 
committee was appointed for tho purpose under the presidency of 
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Major-General J. T. Walker, E.E., 'Surveyor-General of India, tlio 
other memhers being Mr. D. M. Barbour, officiating Accountant- 
General of Bengal, Mr. H. F. Blanford, F.E.S., Meteorological 
Eeporter to the Government of India, Commander A. D. Taylor, 
late I.N., Superintendent of Indian Marine Surveys, Commander 
A. D. Street, E.N., Assistant Secretary to the Government of India 
in the Military (Marine) Department, and Mr. C. B. Palmer, E.N., 
Examiner of Marine Accounts as Secretary. The chief proposals 
of this Committee were that the Survey Department should be 
amalgamated with the Indian Marino and that a rather smaller 
surveying establishment than the original one should be sanctioned. 
The head of the department was to be styled Superintendent of 
Coast Surveys in lieu of Su})eriuteudent of Marino Surveys, the 
employment of Royal Naval officers was to be continued, and 
arrangements wWe to be made for marine zoological observations and 
trawling to be carried on in the new surveying steamer, under the 
supervision of a Naturalist. The post of superintendent was 
recommended to be conferred on Commander T. A. Hull, R.N., an 
officer who had had great experience in coast surveying in various 
parts of the world, and in the projection and compilation of charts 
in the Hydrographic Office of the Admiralty.* The Admiralty, 
however, objected to the Superintondentship being given to an officer 
retired from the Royal Navy, and this proposal had to be abandoned. 
The general re-organization of the Department too, on thg lines laid 
down by the Committee, did not commend itself to the Admiralty 
and the Secretary of State, and at the suggestion of the former, 
advantage was taken of Commander Taylor’s prospective retire- 
ment to depute Captain H. W. Brent, R.N., the recently nominated 
Director of Indian Marine, to take up the question on his arrival in 
India, so as to advise the Government as to the best way of dealing 
with the Marine Survey Department. 

An elaborate report on the Marine purvey Department was 
compiled by Captain Brent, and its entire work since its origin in 
1874 was severely criticised. A series of statements and charges 
was brought against thd Department, but it is enough to state here 

(i 

u 

* Captain Hull was author of a remarkable paper read in 1874 before the Kojal 
United Service Institution called ‘‘The Unsurveyod World, 1874,” which enumerated 
and specified all the more pressing coast surveys then needed througliout the world. 
The paper attracted much attention. 
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that the general purport of this part of the report was to allege 
‘that the Calcutta Office or shore establishment had been unduly 
magnified at the cost of the survey proper, that India required her 
coasts surveyed, but no Hydrographic Office, and that the most 
useful and profitable course in the interests of the State was 
“ to break up the Indian Marine Survey Department.” 

Captain Brent’s detailed recommendations regarding the ‘])e.rsonncl 
and records were as follows : — 

Commander A. D. Taylor, late I.N., Suiierintondont of Marine 
Surveys, was to be pensioned. The post of Superintendent of the 
Drawing Branch was to be abolished, and 10 clerks and draughts- 
men were to l)e either transferred to other Government posts or 
dismissed. All the Admiralty charts purchased by and presented 
to India, were to bo sent back to the HydrographAr, Avhile* Indian 
survey charts were to bo sent to Bombay dockyard, together with 
chart boxes, instruments, drawing materials, tin cases, &c. 
Surveyors’ original charts were to be sent to the Admiralty 
Hydrographer. 

The Wreck Register and the clerk employed thereon were to be 
transferred after the 1st July to the J’ort Office, Calcutta, instructions 
being sent to the Indian ports to send all information in future to 
that official instead of to the Marino Survey Department. The Port 
Officer haS since caridod on this duty in addition to his own work. 
The Annual Return of Lighthouses and Light-vessels was to be 
handed over to the Home Department, and the Notices to Mariners 
abolished, on the ground that they could always be procured from 
London. Captain A. W. Stifle, the Port Officer, was directed in 
1887 to prepare a new corrected edilion of the former Return, and 
to the same officer was also entrusted the duty of issuing all Notices 
to Mariners relating to India. 

With respect to the future ponduct of surveys. Captain Brent laid 
down at the outset that it was only from the active list of the Royal 
Navy that efficient marine surveyors could be obtained, and that the 
Indian surveyors should be therefore nominated by the Admiralty, 
the jfosts of assistants being filled by officers of the Indian Marine. 
Rut the two classes were to be kept distinct, there being no promo- 
tion from the lower to the higher grade. Their work was to be 
*aent heme directly to the Hydrographer, such charts as might be 
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required promptly for local navigation and engineeiyng wants being 
first plioto-zincograjjhed in India. Printed Admiralty charts of tb6 
coast of India were in future to be corrected at the Admiralty. 
In the opinion of Captain Brent the “Investigator” steamer and 
two boat pai’ties would be sufficient at least to start the surveys 
with. Unfortunately, however, it has never been found practicable 
to increase this force. 

The future ostablishmont was to consist of a surveyor in charge (in 
lieu of the Superintendent), who ivas to be placed in command of the 
“ Investigator,” direct the boat surveys, arrange all survey work 
and connect it with the points of the Great Trigonometrical Survey. 
The programme of operations was to be submitted through the 
Director of the Indian Marine to th(’! Government of India for 
sanction. The surveyor in charge was to decide which of the 
surveys would be of sufficient importance or use to be photo-zinco- 
graphed, and ho was to countersign the original charts before 
forwarding them to the Ilydrographer of the Admiralty, to decide 
on the form of all hydrographic information, whether emanating 
from the marine surveying ofiicers, port officers, or other sources, and 
to forward such information to the Admiralty for publication. lie was 
to communicate with the Ilydrographer of the Admiralty respecting 
past operations and those most pressing in the future from a local or 
Indian point of view, obtaining his approval or dissent before acting 
on the more important points. To repoit to the Hydragrapher as 
to any changes in the naval personnel and to the Director of Marine 
any changes in the Indian personnel likely to prove of benefit to the 
public service. To make demand on the Hydrographic Office in 
England for such charts, surveying notices, or publications as 
may be necessary to meet local Indian requirements. To answer 
any questions relating to harbour conservancy by means of buoys, 
beacons, or lights ; those of a secondary nature to be kept for the 
recess. 

Owing to the arduous character of the duties and the trying 
nature of the climate, it was stipulated that the duration of 
the appointments should be limited to five years, renewable if 
advisable. The naval officers were to come under the Uncovenanted 
Civil Service rules for leave and furlough, but, to count their time 
and to keep them under the Naval Discipline Act, their names were 
to be borne on the books of the flagship on the East India station, 
or such other ship as might be necessary from time, to time. 



INDIAN MARINE SURVEVS. 


15 


There was to be an office at Bombay under the Director of Marine 
■Vvitli two (Irau^tsmen and a clerk, and those officials were cliarged 
with tho custody and care of the charts. 

Local governments andadjniuistratious and the several port officers 
wore to promptly communicate all information regarding wrecks, 
lights, navigation, buoys, beacons, shoals, or other matters affecting 
the safe, navigation of the seas, -to the Director of Marine for the 
information of the surveyor in charge. The surveyor in charge 
was to bo the adviser to tlie Govornmont of India upon all matters 
connected with the navigation of Indian seas, the lighting and 
marking of the sea approaches to all great Indian ports and rivers, 
conservancy of harbours, and cognate subjects. 

This general scheme was ap])i‘ovod by tho Govtirnment of 
India.'-' The pro]iosod statT as agr(’i('d to by them was to consist of 
one surveyor in charge and seven officers, all of tho Boyal Navy, 
and nine assistant surveyors of the Indian Marino. The total cost 
oof the scheme was to be Rs. 1,93,000, which was estimated to be a 
saving of Rs. 7,000 a year on th(5 cost of the then existing establish- 
ment (Rs. 2,00,000 per annum), l)ut as the actual expenditure of the 
latter*was about half a lakh less than its sanctioned limit, tho new 
scheme was in reality the more costly of the two. 

The Secretary of State duly accorded his sanction to these pro- 
•posals, and the retirement of Commander Taylor on the 1st July 
18l?2, \mdei the 55-year rule, enabled tho re-organization to bo 
completed. Ue was succeeded in the charge of the Mai-ine Surveys 
by Commander L. S. Dawson, R.N. 

Commander Alfred Dundas Taylor, Avhosc active Indian career thus 
practically came to an end, is an officer whose public service here 
merits some notice. 

His earliest eastern services were rendered in the Persian Gulf when 
Tie was a midshipman on board the Honourable East India Company’s 
ship “ Elphinstone.” On leaving that vessel in June 1843 he was 
granted a certificate as “a first-rate navigator who promised to be as 
“ good an officer.” His surveying career commenced in the following 
year under Commander Montriou (succcedetl later on by Lieutenant 
Selby)* in the brig “ Taptee,” along the Concan coast below Bombay, 
and this work was carried on for four years. Promoted to tho rank 
of “lieutenant in 1847 the next two years found him on board the 

* Iffilitaiy (Marine) Letter, !No. 20 of 1882, dated 1st September 1882. 
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steam frigate “ Feroze,” in the Red^ Sea. In the autumn of 1850 
he was appointed to command the surveying vessel “ Pownah,” in 
which, during the next six years, he carried out a survey of the 
Gulf of Cutch and the Malabar coast. In 1855 he examined the 
port of Karwar, and was then sent by Lord Harris (father of 
the present Governor of Bombay) to survey Coringa bay and 
Coconada port, on the Coromandel coast, and Cochin, on the Malabar 
coast. Resuming the latter survey, he finished southward as far as 
Calicut by the middle of 1859. Later in that year he was sent to 
pilot the expeditionary force against the rebellious Waghers at Bet 
and Dwarka, and then proceeded to England on furlough. In 1862 
Commander Taylor was pensioned off on the abolition of the Indian 
Navy but, at the request of Admiral Washington, the H^drographer, 
his services were utilised in the conjpilationf>-ef Sailing Directions 
for the West Cpast of Hinclostan, which work was published in 1865. 
It was during the course of the next few years that in his researches 
at the India Office, Commander Taylor became aware how little had 
been done to improve the hydrography of Indian waters, a subject 
eventually brought by the Secretary of State under tlio notice of 
the Government of India, Avhich led to the formation of the Marine 
Survey Department under Taylor’s charge.* 

During the six years of its existence, the cost of the Marine 
Survey Department had been as follows : — 
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Under Commander Taylor’s superintendentship, i,e., from April 
1875 (the date on which work was commenced at headquarters) up 
to the end of September 1881, the publications of the Marine 
Survey Department consisted of the following ^|8 new charts, 

* See Mr. Markham’s Memoir on the Indian Surveys (Sejcu^widition,), p. 45. 
Commander 'I'aylor last year (1890) signalbsed the 50th year of Iti^public service 
by the compilation of a China Sea Directory, a sequel to the Indian OceflMj^ectory. 
t lududing Rs. 83,536, part construction of the surveying steamer “ In^m|galor." 
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24 HydrographiQ Notices, 172 Notices to Mariners, 5 Annual 
'.Returns of Wrecks and Otisualties in Indian Waters (187G-1880), 
.6 editions of the List of Lighthouses and "Light-vessels in British 
Jndia (1876-1881), and various other useful publications, including 
Spheroidal Tables, Glossary of Frencli Nautical Terms, Tables of 
Natural Scales, Table of Distances at which Objects are seen at 
Sea, &c. The advantages, too, of a chart dep6t at Calcutta, whore 
hydrographical publications could bo prorayitly obtained without the 
long delay of reference to England, were beginning to be fully 
appreciated by the mercantile public, and in 1880-81 1785 charts 
wer&sold, being at the rate of between five and six charts a day. 

Such were the i-esults accomplished by the Dejiartment during its 
brief existence^ Under the superintendence of its able and devoted 
chief, and with the co-operation of its energetic officers, it had 
made a position for itself, and its good work was beginning to be 
known and thoroughly appreciated by the mercantile marine 
frequenting Indian seas. Had it been able to survive those internal 
and external petty jealousies, from which no public department, any 
more than any other human institution, is exempt, it would 
undoubtedly have achieved a long record of good work, worthy of 
comparisqiiiPiBh that, which dm mig the present century, has made 
the his^ll^f Indian land surw^PUa famous and brilliant. Un- 
dpul)^p|^much of the marino-^^ffiy work has since been continued 
by esjnfnest ai:^^ cai)able haud^^But tlie break-up of a department 
is seldom unaccompanied by evils; the old personnel vanishes, 
the old lines are oWiterated, the 6’xperience which it has taken years 
to build up 7 is either discredited or wholly lost, and the result is, 
even at the best, a serious interruption to that record of continued 
. progress and development which are the aim of all English 
administrations. 


I T 80821. 
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II. 

INDIAN MARINE SURVEYS. 
Second Period, 1882-90. 


Tlie Indian coast surveys now cntei’od on a new chapter of their 
history. The headquarters had heen moved from Calcutta to 
Bombay, future operations were to be mainly confined to 
surveying, pvr cf simple, and Commander L. S. Dawson w\as 
appointed to their charge on the 1st July 1882,* in the place of 
Commander A. I). Taylor, late I.N., retired. 

The “ Investigator ” paddle steamer, ,50H tons, Avas now available 
for sui’veying purposes, and was arranged as a sort of floating 
headquarters of the Marino Survey Department, a complete set of 
charts, sailing directions, pilotage books, and works of refei-ence 
being taken in her, to enable Commander Dawson to deal with any 
hydrographical question or 1 ‘cports refoiTod to him. 

During the year 1881-82 her elliccrs performed the following 
survey Avork: — 
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* Commanclor Dawson Imd been employefl (while Lieutenant) ns Naval Assij^ant in 
the Ilyrlrographic Dejiartmcnt of the Admiralty since 1870\ He liad i>reviou»ly had 
10 yeanf experiGiicc in surveying in the MedittuTanean, China, River Plate, New 
(Tuinea, and at Fiji, where he c<»minamled the schooner “ Alacwity.” 
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The boat party, in cbargo of ^Lioutcnant W. II. Coombs, R.N., 
also did some useful work. It executed a survey of False Point, 
on two sheets, the scales being 600 feet to 1 inch, and 4 inches to 
1 nautic mile, rcs])octively. For the first mouth the whole of tho 
work had to be caiTied on with only the whale boat, and all tho 
ofiicers and men suffered more or less from tho malarial fever, for 
which the ])lace is notorious, 'fhe remainder of the season was 
taken up with surveys of Santa])illy reef, Coconada, and tho 
southern portion of Madras harbour. 

During most of the following year the charge of tho surveys was 
tci^jporarily f.rausferred to Lieutenant A. Clianner, R.N., and under 
his suTienntendence a survey of the Xard Kachal channol and 
Vingorla rocks was made, after which tho “ lnvesl.iigator ” weighed 
anchor and proceeded to run a line of deeji-sea soundings parallel 
to and about (50 miles off' tho coast to ihe (xulf of Manar, and 
across the gulf to Colombo, passing over tho “ Wedge bank.” 

» The next work undertaken was a survey, in December 18^2, of the 
Dhumra river (uitranco, and the ])ortion of the Baitai’ani (Byturneo) 
river from its junction with tho Dhnrara up to Chandbally. and the 
following month Balasorc roatlstead and Burraballung river u]) to 
Balasoro town were charted. The “Investigator” next jn’oeoeded 
to Chittagong, where a rough reconnaissance of tho Meghna river, 
,frora Narayanganj to Handwi]) channel, and of the Kamaphnli or 
Chittagongviver, to three miles S(^award was made, after which the 
ship returned to Bombay. 

No. 1 Boat survey ])ar(y, whicli had been in abeyance during the 
previous year on account of the officers formerly coni])Osing it 
having been recpiired for duty on board the new surveying steamer, 
was reconstituted on tho 1st October 1882. Tinder Commander 
Dawson, a survey of Back bay, Bombay, on the scale of tAvo indies 
to tho mile, was commenced, and continued and completed by 
Lieutenant Pascoe, the result being to shoAva slight deepening of the 
bay to the nortlnvard as compared with Lieutenant Whish’s survey 
of 1861. Karachi harbour was next taken in hand, and plotted 
on a double-elephant sheet, the work comprising 19.^ miles of coast 
line, and 16 square miles of sounding, A decided silting of tho 
harbour on the west side, and also a great decrease of water space 
to the northward by tho Puhi and Soti creeks Avere revealed, and 
westward of Manora Point several rocky patches, where numerous 
vessels had lost their anchors, were found, and clearly marked and 

B 2 
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dofinefl. The party were then conyeyed to Beyt harbour, in Baroda 
State, Avhero the fixing of the position of the new lighthouse, in 
process of l)uilding, and a plan of the harbour and entrance 
channels were desired. This survey was duly completed on the* 
4-inch scale. 

No. 2 Boat party, under Lieutenant W. H. Coombs, undertook 
suiweys of the entrance to the Chittagong river, and of Akyab, the 
latter being on the scale of 3 inches to the mile and embracing 
an area of 60 square miles. Operations were much delayed by 
the deplorable condition of the steam entter, which broke down 
continually, and which Lieutenant Coombs was obliged to work at a 
dangerous amount of pre.ssnre to enable him to get even so moderate 
a speed of three knot.s an hour. 

The total work during the season showed an exceedingly good 
record, the “ luve.stigator ” and the two boat parties having been all 
working at their full .strength. Exclusive of the Meghna recon- 
naissance, 320 sqiwre miles of soundings had been taken, and 32 
square miles of topography in detail, 250 coast line in linear 
miles, and 60 deep-sea soundings made. The “ Investigator ” was 
reported by Lieutenant Channer to be admirably adaptod for 
the work, being very handy and light in running soundings from 
25 to 1(X) fathoms. 

At the beginning of the season, 18H3-84, Commander Dawson^ 
resumed charge, and the first piece of work undertaken was 
the survey of Cochin on the 8-inch scale, which some four years 
previously had been postponed oAving to the death of Lieutenant 
Morris Chapman, late I.N. The Cochin river entrance, the bar, 
and backwater were all sounded, the iirea amounting to 12|- square 
miles, and the positions of the bar buoys, as previously laid down, 
Avere found to be considerably in error. The vessel then proceeded, 
via Colombo, to the coast of Burma, and on its way took a line of 
deep-sea soundings across the Bay of Bengal from Dondra head, 
the southernmost point of Ceylon, to the vicinity of Cheduba island. 
At the mouth of the Sandoway river Lieutenant Channer was left 
for the purpose of surveying the approaches to Tongoup and 
Sandoway, while Commander Dawson went on to the entrance 
of the Kangoon river, where numerous complaints had been received 
as to the extension of the banks, silting of channels, and general 
alterations in the hydrography of the llangoon river. This survey 
proved to be lengthy and difficult, and several new chanpels arid 
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great changes in the main condition of the river were ascertained 
td have taken place. It was completed in the early part of 
.March ; no fewer than 1 68 .square miles being sounded over 
on the 2-inch scale in the Uangoon river and its approaches, 
from the China Bakir river and entrance to the Port of Rangoon. 
The port itscdf was sounded on the G-inch scale. It was ascer- 
tained tlftit the time of high water at full and change of the 
moon at Rangoon had become about 45 ininute.s earlier than it 
was in the year 1829, a change accounted for by the scour of 
the river having increased in consequence of artificial cmbank- 
racftts, &c. 

Cheduba strait and Ramri roadstead wen; next taken in hand, 
a detached boat party under Lieutenant Helby, R.N., being told off 
to the former, while the “Investigator’s” officers wore engaged 
on the triangulation of the whole, as wcdl as on the detailed 
survey of Bamri strait. The survey of tlie approacht's to Sando- 
way and Tongoup, covering 301 square milef, had been made 
as mentioned above by Lieutenant Channer. 

Boat party No. 1, under the charge of Lieutenant T. C. Pascoo, 
was e*jnployed during the latter part of 1883 on the survey of 
Quilon, where the Travancore Government was anxious to construct 
a. deep-water harbour, there being no other harbour on the 
•y’ravancore seaboard, and the backwatei’u, which extend 100 miles 
altogether to the north and south, offering great advantages for 
boat traffic uj) to the foot of tlie hills. The party loturned to 
Bombay by Christmas day, and the i-emainder of the season 
was taken up with the surveys of Mahuwa or Mowa and 
Shial Bet. 

No. 2 Boat party, under Commander Palle, I.M., nia})ped out 
Vizagapatam and Calingapatam, and under Lieutenant Morris Smyth, 
R.N., who took charge on the Ist February, made a survey of 
Negapatam and Nagoro. 

Thus the full programme draAvn up for the Season 1883-84 (with 
the exception of the search for the Sacramento shoal, which owing 
to the want of a vessel for the purpose had to be abandoned) was 
carried’ out, w'ith the additions of the entrance to the China Bakir 
river, the approaches to Sandoway and Tongoup, and the port of 
Negapatam. The total out-turn for the season amounted to 
11 charts and plans, covering 746 square miles of soundings, with 
15 deep-isea soundings. 
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The next year (1884-85) saw C6mraander Alfred Carpenter, R.N., 
assume the direction of tlio operations, in place of Commander 
Dawson, the Department during the interval between the two, 
commands being placed in charge of Lieutenant Chauner, E.N. 
The “ Investigator’s ” fii’st course was to Sandoway Hoads, whei’e 
work was immediately commenced in continuation of the Choduba 
and Hamree harbour surveys of the previous season. ' 

Tlie Cheduba straits were completed in December 1884 
after a year’s work, during which 83 linear miles of coast and 
905 square miles of soundings were charted, new shoals were 
discovered, and tlie so-called Port Childers, formerly described aS an 
excellent harbour, w’as proved to be full of dangerous pinnacle 
rocks. 

An examination was made of the Orissa coast from Dhumra river 
to Balasor, but no detailed marine survey of the shore was 
carried out. Soft mud flats dry at low water extended two or 

nil 

three miles off its entire face, while dense jungle and mangrove 
swamps formed the actual coast. Many of the stations along 
the shores made by the gi'eat trigonometrical surveyors some years 
jireviously had become submerged : the two-fathom line extended 
from thn'o to four miles olf shore, and at six miles no ])ortion of the 
coast could bo seen from a ship’s deck. 

A camping party, landed on Shortt island, proceeded to delineate 
the Palmyras shoals, 88 square miles of which were charted, while 
the “ Investigator ” re-sounded the whole of the bank of soundings 
(or Pilot’s Eidge) between Palsc Point, Palmyras Point, and the 
Eastern channel light- vessel, cairying the soundings Out to 30 
fathoms. The positions of the various soundings were found 
astronomically, and every observation carefully cheeked by four or 
five observers, each Avith his oAim sextant, as attention bad been 
repeatedly called by captains of vessels bound for the Hugh river 
to the erroneous nature of the soundings on published charts of this 
part of the Bay of Bengal. 

The result of the survey showed an almost identical bottom 
contour to that on the Admiralty chart (False Point to Mutlah) 
as delineated by Mr. 11. 0. Carrington. The amount of ’square 
miles sounded over by the Pilot’s llidge survey was 2,400. ’ On its 
completion the “ Investigator’s ” boats assisted in sounding- the 
extreme seaward face of the Palmyras shoals, which had apparently 
projected eastward half a mile from their former position. 
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Tlie bar of tke Dhumra rivef was found also to iiavo altered 
cdusiderably since 1882. 

. In March 1885 an examination was made by the “ Investigator ” 

of the curious submarine ravine called the Hwatch-of-no-ground, 

south of the Sundarbans. It was found to have an average breadth 

of nine mileSj with a floor of from GOO to 400 fathoms depth, and 

inclined sMes of soft mud of about 1 in 4. The mouths and sands 
* 

of the whole delta of the Sundarbans converge to throw their ebbing 
waters towards the Swatch, and one suggestion has been that the 
eddy caused by these waters meeting has tended for rnatiy ages to 
prevent the mud held in sus])ensiou from settling over the central cleft, 
and thus the banks on either side have grown seaward while the 
Swatch has retained its original depth. 

The result of the 1884-5 season’s work of the Marine Suiwey of 
India was 11 charts and plans, including one of the entrance to the 
Rajpuri river by a boat’s party, undoj* Lieutenant E. Helby, R.N. 
The “ Investigator ” ran also over 4,5(X) linear miles of soundings. In 
the department of zoological and botanical work the general expe- 
rience,,of Commander Carpenter, II.N., and Lieutenant Channel*, R.N,, 
who had both served on board II.M.S, “ Challenger,” proved most 
valuable. Under the supervision of Mr. C. M. Giles, M.B., F.R.C.S., 
who acted as surgeou-nataralist, some inter(;8ting hauls from 
Meop-sea trawling were made, though the appliances had been 
lon^ disusefl, and the microsco])o was one of very old-fashioned 
construction. 

On the whole the season of 1884-85 had been one of fair weather, 
and the outcome of work was larger than during any pirevious 
year. 

In March 1885, the “ Investigator ” left the Sunderbuns and 
carried a lino of soundings to Kyauk-pyu in Arakan, where a survey 
of that port was commenced and finished in April. Seven deep-sea 
soundings were taken diagonally across the Bay of Bengal, on the same 
line but between the soundings taken by Commander Dawson in 
December 1883, and thus a comjdete section of the bay was obtained, 
the average distance between the casts being 70 miles. The surface 
temperature averaged 8G°*5; that of the abysmal regions of tlie 
open ocean is universally low, the mean temperature of the sea 
bottom being ovoi*ywhei’c about 3G° in very deep water, this being 
the temperature of greatest density. 
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The following charts and plans 'were draughted 


— 

Scale. 

CUABTS, 


Approaches to Sandoway - - * - 

1 in(;h to a mile. 

Korth and West coasts ol* Clieduba - - - - 

i » it 

False Foiiit to Mutlah river - . . - 

i 9i a 

Sketch of Orissa coast ------ 

1 fi tiJi 

Plans. 


Bamrce harbour, Cheduba . - . - 

3 indies to a mile. 

Cheduba strait ------- 

^ *1 ti 

Kyauk-pyu ------ 

9f ti 

Palmyras shoals 

^ » 19 

Mergui harbour - . - - . 

^ 99 

Tavoy river ------- 

2 „ ' „ 

Bhaunagar, Kathiawar - - - - 

^ „ 

„ „ (in three sheets) - - - 

20 „ „ 

Eajpuri or Jaujira harbour - . 

4 ' 

^ i. ” 


All the above, with the exception of the large scale of Bhaunagar 
(which was for local engineering purposes), were completed and sent 
to the Hydrographer, and four of the plans were photo-zincographed 
at Poona and sent to the Chief Commissioner of Burma for local 
distribution. 

The approaching outbreak of war with King Theebaw necessitated 
some scheme for piloting a flotilla advancing on Mandalay and 
Bhamo, for buoying the river and for preserving the buoys, as 
native pilots beyond the frontier were not to be had. ■ A river survey 
party under Commander A. Carpenter, R.K., was accordingly formed, 
with a small reserve party under Commander P. J. Falle, I.M., 
which was established at Pagan, about half-way between the frontier 
and Mandalay. The main party,, on joining the war flotilla at 
Minhla, were sent forward to lead the fleet up to Mandalay, throwing 
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the survey launch ahead to sound* whenever there was a doubt as to 
which channel the main stream had adopted for the dry season. 
The possession of a gun and a bluejacket’s crew were a very service- 
able help to them when sounding ahead of the other Vessels. Com- 
mander Carpenter and bis party then piloted the flotilla up -to 
Bhamo, having first taken the pilots over the shallowest portions and 
examined* the latest-formed channels. A complete sketch survey 
was Inade of the river from Thayetmyo to Bhamo, and was checked 
by astronomical observations at 20 positions, forming altogether a 
valuable addition to geography. The survey party returned to 
Rapgoon and rejoined the “ Investigator ” towards the end of 
January, having received the thanks of General Sir H. Prendergast 
for the skilful assistance which they had rendered to the Irawadi 
war flotilla. 

The next survey taken up was that of the Mergui archipelago, 
the Admiralty chart of which (by Captains Ross and Lloyd of the 
Bidiau Navy) was found to bo very correct, the only defect being an 
insufficient number of soundings. The islets are all steep, and many 
are mere pinnacles, which makes it probable that similar dangerous 
pointed rocks exist below water. The Great Western Torres islands, 
immense heaps of boulders overgrown with foliage, were visited, 
and their position tested by angles to known peaks and found to bo 
I ^ miles out. 

About thif time a fresh datum for the low-water level on Indian 
charts was resolved upon. Previously, the soundings used to 
indicate the depth at the average lowest tides of all the lunar 
fortnights during the year, but as this hatl been proved by the 
observations of Major Baird to give in some cases more water 
than actually existed, owing to the considerable difierence on the 
west coast of India between night and day tides, and on the East 
and Burmese coasts between winter and summer ocean level, it 
was decided that all soundings and tide tables should be reduced to 
the lowest low water of the year, provided it was not phenomenal, 
e.g., brought about by an earthquake or cyclone. The only exceptions 
to this rule was to be made at Karachi, Marmagao, and in the River 
Hugh, where the harbour authorities sound their own ports and 
prefer their own reduction datum. This, however, was a matter 
which would not confuse the mariner, as at such ports pilots are 
ol^Jigatory. 
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Lieutenant B. C. H. Helby, E.N'., in charge of No. 1 Boat survey 
party, completed the survey of the approaches to Bhaunagar com- 
menced in the previous season. The soundings extended over 104 
square miles, charted on the scale of three inches to a nautical mile. 
No. 2 Boat party, under Lieutenant M. IT. Smyth, B.N., was 
engaged in buoying the China Bakir entrance to the Irawadi 
river, and in the survey of Mergui, already mentioned. •• 

C 

On the “ Investigator’s ” return from the Western Torres islands, 
in March, she completed the southern approach to Mergui, taking 
in some 20 miles of the beaten track to the southward. Preparis, 
Narcondam, and Barren islands Avere next visited. Prom the last 
two islands radiating lines of soundings Avere carried out to ascertain 
their slope to the floor of the ocean. It Avas found that they rose 
from a depth of 1,140 fathoms, but that the north-cast slope of 
Narcondam was being encroached upon by the outlying banks from 
the great rh'^ers flowing into the Gulf of Martaban. The temperature 
observations taken seemed to fa\'our the inference that no greater 
depth than 760 fathoms exists in any of tlie passages between the 
Andaman islands or between that grouj) and Acheen. ^ 

In May, Lieutenant A. Channer, ll.N., was again appointeil as 
SurA^eyor in charge (Commander (hirpenter being absent on leave 
ill England). The following charts and plans AA’^ere tlrawn during the 
recess : — 

t, ^ 

Irawadi river from Thayetmyo to Bhamo, on t-inch scale in 
4 sheets. 

China Bakir river - - - - on 2-inch scale. 

Mergui Fells passage - - - „ 2 „ „ 

„ Northern approach - - „ 1 „ „ 

„ Kings island to Christmas island - „ 1 „ „ 

Cambay Perim to Bhaunagar - - „ 3 „ „ 

„ Narbada „ - - „ 2 „ „ 

„ Mandwa Bay, Diu - - - „ 6 „ „ 

besides sailing directions, tidal, and other data. Those were all 
completed and forwarded to the Admiralty Hydrographer, copies 
having been photo -zincographed by the Poona Office. 

The first place examined by the “ Investigator ” was Hinze basin 
on the Burmese coast; the Moscos islands were then re-plotted, 
and the beaten track in the Mergui archipelago from Christnjas 
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island, where the survey of the previous season had ended, 
down to Forrest strait near Pakchan. d'ho track is useful to 
Jocal trade and gives protection to vessels trading to Singapore, 
but until thoroughly surveyed on a large scale, which the trade 
does not at present seem to roiniire, it is not recommended for 
large and deep draught vessels. In fact, large slvips able to steam 
against th? ordinary monsoon would not use it. 

On Christmas day a visit was paid to the Elephant islands, close 
to the south-east side of Douiel island. The former are composed 
of a marble of medium (quality, and are very remarkablo, both for 
their abrupt shapes and the beautiful grottoes they contain. The 
grottoes are mostly accessible at low water through tunnels below 
high-water mark opening into lofty caves. At the south end of 
the largest islet, which is 1,000 feet, a low-water tunnel admits 
a boat into a lagoon, entirely closed by high precipitous cliffs and 
oj)en only to the sky. Into this lagoon, which seems to bo 
purjjosely created for smugglers, several cave grottoes open from 
under the cliffs. An interesting ilescription of these islands will bo 
found jn the Pocords of the Geological Survey. 

With the object of examining the banks extending off the 
Sundarbaus between Chittagong and the “ Swatch,” a survey was 
made of the Meghna flats. No less than 1,750 square miles were 
sounded, the result being to show moic water in nearly every 
direction than on the published charts, and no extension of the 
prominent shoals. No. 1 Boat party completed their survey of 
the channel between the Nai’bada river and Perim island in the 
Gulf of Cambay (Narbada river to Perim island), the triangulation 
being carried across the gulf from the Kathiawar side to Broach 
point by means of mirrors which were extemporised as heliostats. 
Mandwa bay, Diu head, was also surveyed, the area sounded being 
10 square miles, while in the case of the Gulf of Cambay it was 
65 s(juare miles. Between October and February the “ Investigator ” 
was at work in surveying the entrance to the Beypur river, and 
here, and at Calicut, and off’ Cotta point, an aggregate area of 
139 square miles were sounded and plotted on various scales. Boat 
party Jfo, 2, surveyed the approaches to the Yc river on the 
Tenassorim coast on the scale of four inches to the mile, but the 
work was much impeded and intenmpted by the ill-health of the 
party, until on the 18th November no fewer than 23 were on the 
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sick list, and work was suspended.' Places situated*on tidal estuaries 
where fresh and salt water come into contact are notoriously 
malarious, and though not of a severe type the disease in this case 
was extremely persistent. 

The natural history results were meagre during the year 1886-87, 
Surgeon G. M. Giles having been deputed to serve with the Chitral 
and Kafiristan Mission during the greater part of the yeair. 

Towards the close of March 1887 the “ Investigator ” completed 
the survey of the shallows off the mouths of the Moghna river. 
The soundings on the “ South Patches ” jiroved to be even shallower 
than hitherto supposed. This shoal has caused a great many wrecks 
from endeavours to avoid it, for sailing vessels arriving off 
Chittagong with their chronometers often in error after long ocean 
passages, give it too wide a berth and get wrecked on the Meghna 
shoals. With the present corrected chart, vessels making for 
Chittagong should be able to avoid these Patches, while tlie rectifi- 
cation of the peaks and outlying islets of the Andaman and Nicobar 
groups will tend to decrease the wrecks on the flats of the 
Sundarbans by enabling vessels standing up the Bay of Bengal to 
fix their true positions. 

Prom the “ South Patches " a lino of soundings was first run 
south to the latitude of Akyab, and then a line of deep-sea 
soundings was carried at intervals of 70 miles to Madras, the depths 
gradually increasing towards the latter place, 1,820 fathoms being 
obtained 40 miles off Pulicat, near Madras. This line was the first 
record of the depth of the northern portion of the Bay of Bengal. 

Commander Carpenter’s paper on the mean temperature of the 
Bay of Bengal, with its chart, has been published in the Journal 
of the Asiatic Society of Bengal for 1887, Vol. LVI., Part II. 
The temperature records afford an extremely useful check on the 
observations of depth in oases where the sounding wire indicator 
gets out of order. 

Off Madras a closely-sounded survey was made, on the scale of 
two inches to the mile, of the Tripalur reef and Eockingham patch, 
where three steamers had. grounded, one being lost and ^another 
very badly damaged. This survey was connected with tke land 
survey stations. A few soundings were also taken north of Pedro 
Point in Ceylon, where a gap existed in the soundings showing the 
eastern entrance to Palk straits. ' 
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During the recess the following charts and plans were turned 
out by the officers of the “ Investigator ” and her two boat 
, parties : — 

Charts. 

White Point to Mergui - "I' i^oh to 1 mile. 

Megua flats - - - » 

Beypiu to Sacrifice rock - - 1^ inches „ 

Plans. 

Mergui archipelago - - ' a iiicli » 

Forests strait - - - 1 „ „ 

-Tripalur reef, &c. - - - 2 inches „ 

Beypur and Calicut roads - - 3 „ „ 

Y6 river - - - 8 „ „ 

Approaches to ditto - - - 2 „ „ 

Beypur river bar - - 12 „ „ 

Cotta point and reef - - , - 3 „ „ 

*A11 except four of the above have been photo-zincographed for 
local use, and all except that of the Meghna flats, which was purely 
astronomical, wore based on data of the Great I’rigouometrical 
Survey. Sailing directions, tidal and other data were also 
compiled. 

For the next season the sanctioned programme comprised a 
survey of the western coast of the Andaman islands, and of the 
Ganfam coast* bet ween Santapilly and Hurrichpoor in latitude 20° N., 
but latei' on the Madras Government requested that that of the 
Gaujam coast might be postponed another year. 

A lino of deep-sea .soundings was carried from Porbandar to the 
Laccadive islands, one result of which was to indicate that the 
Laccadive submarine peaks spring from an ocean floor about 
1,100 fathoms, or one and a quarter land miles deep, and are 
themselves about the same height as the Western Ghats in those 
latitudes. 

A curious discovery was made at Chitlac island, tending to prove 
the existence of a southerly current on the west coast of India. 
A large wooden tank had floated ashore over the reef in September 
1885 with a human skull inside, and from enquiry this appeared to be 
part pf the wreckage of the British Indian wooden barque “ Jabree,” 
of 695 tons, with a crew of 60 men and 40 passengers, an account 
of *the loss of which is given in the Wreck Register for 1885. 
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She had reached Ras-el-IIadd the east coast of Arabia, when 
she was caught in a gale and foundered in a few hours ; seven of 
the crew managed to climb into an empty wooden water-tank 
which had been washed off the deck, and there the seven men 
lived for ton days without either food or water. After the lapse' 
of those ton days the survivors died one by one, the bodies being 
flung overboard, and the tank drifting on steadily towards the coast 
of Cutch at the rate of 28 miles a day. The sixth man died whilst 
within sight of land, and the last solitary survivor managed to 
crawl ashoi’e at .Takao, in Cutch. Ho found a pot of millet, but 
his throat was so parched that he was unable to swallow it till it 
was moistened with sea water ; thus refreshed he was able to make 
his way along the shore till he reachetl a native hut, Avherc he was 
kindly treated, though laid up for a long time with fever. 

Commander Carpenter considers that there is very little doubt 
that this same tank, after touching the coast at Jakao on the north 
side of the entrance to the Gulf of Cutch, was driven seaward fly 
the outset of the gulf consecpient on tho heavy monsoon rains, 
and drifting southwards along the west coast of India in the 
southerly current that relieves tho pressure of water on tho Sind 
coast during the S.W. monsoon, was cariaed out to the Jjaccadives 
after the monsoon was over. 

The ‘‘ Investigator ” proceed(*d in November to ^ho Andaman 
islands, which, with tho exception of the little Andamans, had been 
all recently triangulated by (laptain Hobday of tho Trigononu'trical 
Survey. A coast survey based on the land triangulation, and 
on the scale of one inch to the mile, was set in hand, and 724 
square miles in all sounded. Of the harbour of Port Blair a rough . 
chart by Lieutenant Dickson and Mr. Marshall, I.N., had been 
made in 1861, and as a more perfect survey was now considered 
necessary, a detached party under Ineutenant B. Whitehouse, R.N., 
took this in hand, and completed 1 6 square miles of soundings on 
the 5-inch scale, including 238 square miles about tho Western 
Coral banks, which were gone over most minutely to ascertain 
whether there was any really dangerous shoal water on them. The 
least water found was six fathoms. On two occasions instead of 
anchoring on the banks for the night the ship was allowed to drift, 
and some very rare marine specimens were obtained by trawling, 
and sent to the Calcutta Museum. 
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The Andaraapese were found .to be no longer treacherous nor 
hostile to Europeans landing on their islands. A great numl)or of 
them now talk Hindostani, which they learn with great quickness. 
A tide- watching party placed in tents at the west end of Andaman 
strait was met by some 30 natives., who left their hut a mile and 
a half distant and encamped close to the Englishmen. It was at 
lirst supposed that they had come for protection against other 
tribes, but it transpired that they had really come to protect our 
people, a Avelcome change of feeling which is attributable to the 
excellent administration of Colonel fVxdell and his predecessors. 

During 1887, Ijieulenant llclby, Il.N., who had been in 
charge of No. 1 Boat party, brought the survey of Bcypiir and 
Calicut to a close in time to recess at Poona in May. Thirty miles 
of the Malabar coast Avere Avell surveyed and the Calicut roofs 
clearly doj)icted. Lieutenant llelby then handed charge of the 
boat party to Tiieutenant M. H. Smyth, .R.N., Avho, during 1887-88, 
thadc large scale surveys of the small ports of Porhandar and 
Navibandar in KathiaAvar, and also surveyed Cannanur on the 
Malabjy coast, all in e.xcellent stylo. 

In 1887 8taff C!ommh.nder T. C. Pascoe, R.N., left the Indian 
Marine Survey and reverted to Admiralty employment after having 
been 11 years in the Bejiartmcnt, during which ho had done much 
valuable work. 

A detailed ro])ort on the resulls of the deep-sea dredging casts, 
by Surgeon-Naturalist C. M. Giles, is annexed to the Marine Survey 
Report for 1887-8, as well as a tabular analytical catalogue of the 
collection by Mr. J. Wood-Mason, Superintendent of the Indian 
Museum at Calcutta. Another apjiendix is the interesting little 
paper referred to alioA’^e by flommander Ca,rpcnter, R.N., on the 
mean temperature of the deep Avater of the Bay of Bengal, Avith its 
accompanying chart, the general effect of which is to shcAA"^ hoAv 
rapid the fall in temporaturo is at the varying depths from the 
surface doAvn to 150 fathoms, while after 1,200 fathoms the change 
in temperature becomes very slow. 

In 1889 Surgeon A. Alcock (who had succeeded to the post of 
naturalist), I.M.S., was permitted to reside at Calcutta during the 
recesjs, for the purpose of arranging the collections made and 
doj)Osited in the Indian Museum at Calcutta. Thanks to this per- 
mission, Surgeon Alcock has been able to make a very large addition 
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to our knowledge of Indian Marine Zoology, mofe especially in 
regard to fishes, of which he has described 44 entirely new to science, 
and 62 new to the Indian fauna. 

In the spring of 1888 the “Investigator,” having completed the 
examination of the outlying dangers on the west coast of the 
Andaman group, took a north and south line of deep soundings 
about 100 miles west of the Andamans and Nicobars froJli latitude 
12° 40' to latitude 5° 45' N. In the latter position a submarine 
elevation was found I'epresenting a submerged peak rising 2,000 feet 
high from the floor of the ocean, about half way between the Straits 
of Malacca and Ceylon. 

During the recess the following fair charts (with the exception 
of the 20-iuch Porbandar harbour plan) were drafted and forwarded 
to the Admiralty Ilydrographer : — 


Kamc of Chart or I'lan. 

Scale. 

*Port Bljiir to Sisters i.sljnids - - . - 


1 inch to 1 mile. 

Nortli Sentinel island ... 




"^Port Blair ----- 


5 inches 


Maepherson’s strait - - - . 

. 1 

9 

>> 

West Coral bank . . . - . 


1 Mich 

>y 

Middle and South Coral banks - - . 


1 » 


Por bandar harbour - - - - 


20 inches 


^Porbandar and Navibandar - * - 

- 

4 „ 


*Caunanur to Make - - - . 

- 

n „ 


*J*lans of Cannanore and Tellichori 

- 

3 „ 


* Photo-ziiicograplied for local use. 




The “ Investigator ” left Bombay harbour 
and after having coaled at Colombo carried 

on the 20th October, 
some deep soundings 


to the Andamans. Confirmatory evidence was obtained of the 
existence of the lidge or plateau of 1,700 fathoms found in April 
1888 about 170 miles west of the Andamans. Between this ridge 
and the islands there is a submarine valley of 1,900 to 2,000 
fathoms, which apj)ears to stretch up from Acheen ; on the west 



INI>IAN MARINE SURVEYS. 


33 


side of the vallej the water appeared to be slightly colder than the 
normal temperature of those depths. 

. Arriving at Port Blair, No. 1 Boat party was landed for the 
•purpose of making a survey of Diligent straits on the one-inch 
scale, while the “Investigator^’ visited South Sentinel island and 
the bank off the S.W. point of Little Andaman, both of which were 
sounded. 

Before proceeding to the Orissa coast, deep soundings were taken 
across the bay. The Bay of Bengal proved to have a regular 
decline towards its mouth, the Andaman and Nicobar ridge forming 
its eastern boundary (the sea cast of the Andamans being a separate 
basin) ; there is slightly deeper water nearer the coasts than ni tho 
centre, and the depth falls very suddenly from the 100 fathom line 
off the Sunderbunds to the 90()-fathom line. If we take tho slope 
of tho bed of tlu; bay between the 1,100 and 1,40.0 fathoms contours 
as being the true gradient of its fall, unaffected to any groat extent 
by the detritus from the rivers, and carry this gradient, which is 
only 1 in 390, northward, we find that it brings the bed of the bay 
up on level with its surface only when it reaches the foot of the 
Himalayas. 

The survey of the Orissa coast was begun at tho mouth of tho 
Devi river, and first carried to tho northward for 24 miles. This 
^irvey was on the one-inch scale, and was afterwards canied by 
tho ‘‘Investigator” along the coast for a total distance of 199 miles, 
operations being greatly helped and expedited by tho marks erected 
by the land suiweyors. The mouth of the Devi ri ver, the anchorage 
at Puri, and Gopalpur anchorage wei’e also charted on the four-inch 
scale. 

During 1889-90. the operations w'ere carried along tho Ganjam 
coast to the south of Gopalpur. A survey of tho Coco Islands was 
also commenced during the same season, as Avell as an examination 
of the Basseiu River and its approaches, by the boat party under 
Lieutenant G. S, Gunn, R.N. 

The Report for 1888-89 was the last submitted by Commander 
Carpenter, R.N., and in it he took tho opportunity to draw up a 
brief review of past work, as well as a forecast of future oporaiions. 
More than seven years had elapsed since the “ Investigator ” 
had made her fii'st surveying trip, and in that time she had run 
some 44,000 miles, of which just half were actual lines of close 
soundings taken on various surveys. Tho “ Investigator’s ” boats 
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had, in addition to tho parent Vessel’s mileage, run some 11,500 
miles of similar soundings. This total mileage, however, was far 
from completing the shores of India. As a matter of fact, at that 
time only 1,715 miles or one-third had been charted sufficiently for 
safe navigation out of a total length of 5,100 miles, consequently 
much remained and even now remains to be done before the coasts 
of India can be said to be adequately surveyed. < 

The localities specially needing attention have been specified in 
a very valuable memorandum by Commander Cai'penter, which is 
attached to the Marino Sui-vey Eeport for 1888-89, and a brief 
notice of those requirements is here desirable, and will form a fitting 
conclusion to the present chajiter. 

The mouths of the Indus have not been examined since 1877, 
when they were surveyed by Lieutenant A. "W. Stiffe, and are 
continually reported to be shoaling seaward. A re-survey will 
have to be done astronomically witli a mark boat as a guide to the 
line of soundings. The original survey was made as far back as 
1848-49, and tho examination in 1877 was only over tho most 
projecting portion, which, hoAvever, is that which most specially 
requires attention from time to time. 

Tho Gulf of Cutch shows signs of increasing trade, and before 
long the ports of Mundra, Tuna., Rojhi, and Salaya creek will require 
charting on scales sufficiently large for harbour iniprovementi^: 
The gulf was well surveyed for open navigation tn 1852'“ by 
Lieutenant (now Commander) A. 11. Taylor,* but tho ]jlotting on 
the chart re(|uires fitting in with the land triangulation. 

Tho coast of Kathiawar from Dwarka point to Gogha in the 
Gulf of Cambay is fairly well shown, and an improved chart to 
Din head is to be compiled, but Jafrabad, betAveen Diu and 
Goapnath, requires charting on a large scale, and the whole coast 
needs sounding off. It Avas surveyed by Lieutenant Bthorsey, I.N., 
in 1837, in a jjattivMr. Tho operations now called for would occupy 
two years. 

The Gulf of Cambay is practically unsurvpyed, Avith the exception 
of a portion from Bhaunagai’ creek down to Perim island and 
across to Broach, which represents about one-seventh of th,e whole 
area. The head of the gulf is shallowing up and becoming less 
navigable every year, and this is resulting in the banks at its 


* See page 15. 
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mouth extending further seaward, and becoming more dangerous 
to shipping. It was also surveyed by Lieutenant Ethersoy prior 
to 1845, and though a very creditable piece of work, considering 
the means at his disposal and the tierce tidal currents, the chart is 
now quite unreliable. The work would take three years. 

The Bombay coast, from latitude 20“^ N. as far as Bombay, has 
been very slightly delineated, and the whole stretch is rocky and 
dangerous, but there is no immediate call for a survey, though 
the projecting I’eef near Danu, specified in the old Indian Navy 
Officcu's’ Memorandum of 1802, reipiires examination, and as 
local trade increases there will be a demand for reliable charts 
of the small ports of call along it, Avhile a harbour of refuge 
is especially needed somewhere midway between Danu and 
Bombay, A boat party could be employed here with advantage 
for four years, or it would take the “ Investigator ” herself about 
two years. 

At the northern end of thi> Kanara (!oast there ai’e about GO miles 
of very rocky coiist, which though well surveyed by Ijieutenant 
A. 1). Taylor in 18.00, are not chartc'd so as to meet present require- 
ments. Tliere is not suliicient pi-otoction hero for a boat ])arty, and 
the scale, to be adequate, should bo two inches, which Avould occupy 
J;he “Investigator” two seasons. A detailed survey will soon be 
recyiired frc^ni the Enciam rocks to Gajie Gomorin, a rocky strip of 
the Travancoro coast some 25 miles in length. On the Tinnevelli 
coast the Manapand shoals require pi’oper delineation, and with the 
above-mentioned bit of Travancoro coast would not take more than 
a single season. 

The Laccadive Archipelago was well plotted in 1844-48 by 
Captain Selby and Lieutenant A. D. Taylor, but the islands have 
never been properly jdaced in longitude. Several of the group are 
three to four miles out of position and should be rectified by chrono- 
metric distances. This Avould take two mouths. 

On the eastern coast of India the large bay north of the Paumben 
Pass called Palk Straits is far from complete, the soundings being 
thick only in shoi’e, while the banks which extend from Point 
Calimero to the north point of Ceylon are of sand and liable to 
change. In the event of the deepening of the Paumben Pass, an 
accurate survey of the banks will be required with the object of 
finding the best position for light-ships, buoys, &c. The small 
ports of Karikal, Cuddaloi^i Porto Novo, and Pondicherry require to 
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bo charted on a large scale, which with other miscellaneous work 
would take a season. 

From Madras to False Point the east coast of India was, until , 
1888-89, quite unsurveyed, and as beacons have been erected by 
the land surveyors this important piece of work could be finished by 
1894. With the view of rounding off this survey, the portion 
between the Mahanadi river and the Palmyras shoals should be 
examined and the soundings carried out in a south-easterly direction 
to 40 fathoms. This would then join on to the survey of the Pilot’s 
Kidge, and approaches to the Hugh, executed by the Department 
in 1885. 

The Burma coast from 20 miles north of Elephant Point down 
to the Terrible Rocks has only been sketched, and many complaints 
are received from steamers trading up and down it. The coast is 
essentially rocky, and there are mud volcanoes at its south end 
which arc liable to form new shoals. This coast would take three 
years to complete. 

Passing over the extensive Cheduba Strait survey, we again come 
upon a large piece of coast 150 miles in length from Sandoway to 
Cape Negrais, which has never received more than a running survey, 
and that as far back as 1826-30. This part, until properly charted, 
is quite unapproachable for steaunws owing to the numerous rocks 
and shoals that exist. But as it lies in a bight and out of the track 
or passing vessels, the requirement is not pressing. 

The Bassein river has not been examined since 1853, and has 
undergone great changes, but the npj)cr reaches which connect it 
with the Irawadi shift so frequently that a marine survey would 
be thrown away, and vessels must depend only on their jjilots. 
The entrance should, however, be sounded, and this could bo done 
l)y a boat party in one season. The Great Bai-agua mud flat, 
extending across the deltaic mouth of the Irawadi, has never been 
thoroughly delineated and was only sketched iji during the early 
years of this century. In 1855 Captain Ward, I.N., made a survey 
of it and of the outer banks of the Sittang river, but unfortunately 
the drawings were lost. The Sittang river mouth, too, is a blank 
on the present charts, nothing whatever being known of its present 
channels. One season should consequently be set apart for a ‘general 
sounding of the Gulf of Martaban and Sittang banks. 

The coast of South Burmah from Amherst to Pakchan, a length 
of about 400 miles, with the exception of Y6 River, Tavoy River, 
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and Mergui, has- only been delineated by running surveys as far 
back as the years 1820-30. The principal trade route or beaten 
track of trading steamers has however been sounded out sufficiently 
, for present purposes. As trade develops and new products are 
discovered fresh surveys will be required. Besides the coast proper 
there is an extensive archipelago, on the islands of which discoveries 
have lately been made of silver, load, tin, and marble, which afford 
exceptional facilities for shipment. The coast proper will take at 
least six years to survey, and the archipelago another three yeai-s. 
Pakchan,the ii.ndaman islands (at present only one-fourth surveyed), 
the Coco group, and the Nicobars also require attention. 

Summing up these requirements it will bo seen, with the present 
establishment, about 40 years must elapse before the coasts of India 
and Burma can be surveyed sulliciently for safe navigation, and l)y 
that time British India may have extended its sea-board, and other 
coasts may demand attention. Moreover, in 40 years time ocean 
traffic will probably have yory much enlarged, and rapidity of 
transit increased, greater facilities will be rei^uircd to bring ])i‘oduco 
from small ports to larger ones, for shipment on ocean steamers and 
there will be a gradual development of new ports and localities. 

Whether it will bo found expedient as well as possible to cope 
more ox})editiously with this large field of future o])erations, by 
■commissioning another surveying steamer, is a point that remains 
to bo seen. *The matter has been commended by the Secretary of 
State to the careful consideration of the Government of Imlia. In 
any case there is clearly a very extendeil field of employment for 
the Indian Coast Survey Department for many years to come. 
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For more than a century and a half it has been generally 
recognised that a trigonometrical survey forms the most correct 
basis for mapping a country. The selection of sites for, the careful 
measurement of base lines, from Avhich one or more series of triangles 
are projected over the expanse of country to be mapped, and the 
closing of the operations on to a second base line, the final measure- 
ment of which forms a choerkon the accuracy of the operations — this 
process spreads in every direction anetwoik of pi'ecisely defined points 
within which it becomes jjossible for the tO])ogi’apher.s to insert the 
details. It was General Roy Avho comnnmeed the Avork in England 
towards the close of last century by the mensni'oment of a base on 
IIounsloAv Heath in 1774, and in ]-'^()2 Colonel Mudgo Avas engaged 
in the moasnreuicnt of his ax'c of the meridian from Dunnose to 
Clifton. The same year saw the commencement of the actual work 
of the Great Trigonometrical Survey of India in the measurement 
of Major Lambton’s base line near Madras. A graphm account of 
Lambton's work and a history of the subseipimit triangulation under 
Everest, Waugh, and Walker are contained in four chapters of the 
“ Memoir on the Indian Surveys.” 

In 1870, at the time that our review of these ojKU’ations begins, 
the Trigonometrical Branch Avas under the control of Colonel 
J. T. Walker, C.B., R.E., F.R.S., Su])erintendont, Major-General 
H. L. Thuilber, C.S.I., F.R.S., being Surveyor-General of India 
and Su])orintendent of the 'iPopographical Survey. 

Extensive chains of triangulatory measurements had by that time 
been spread over the Indian Peninsula from the Ifimalayas to 
Ceylon, and the principal triangulation Avas noAv fast approaching 
completion. 

The first rough topographical survey of all India wfls also 
nearly accomplished, and this naturally suggested a reduction of 
the estaVlishments of the Survey. In September 1875 the first 
step was taken by the Government of India in deciding that the 
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Survey budget should be reduced from 240,000/. to 200,000/. Two 
topographical parties were abolished, one full party was transferred 
to Mysore, its cost being defrayed from the revenues of that State, 
and similar reductions wore made in the Trigonometrical and 
Revenue Survey branches. These reductions, liowever, did not 
entirely commend themselves to the Secretary of State. Further 
informatioa was called for. Lord Salisbury c.x;]n’cssing at the same 
time his hesitation in sanctioning to the full the proposed reductions 
except on general financial grounds or in consocpienco of some 
recent undue growth of survey expenditure.* Tlie (Jovcr?imont of 
India replied to this in August 1<S7(), setting forth full details of 
the expenditure during the pi*eviou3 10 years. Even this informa- 
tion, however, was not conclusive. The data, in the words of the 
Secretary of State, gave — 

no imlication ol any of those <.‘st5ihli>hmcMits, wliicli umy not- bo roijjiinle'l 

fis a n.‘asoi»abl<‘ rt'siiU of tlio iiuircast'd dosiro for improvt d iiifonnation, such as that 
which it is the function of tin* Survey Department to furnish to otlicr branches of tlu* 
adininistriition. 

Jlis Lordship went on in his replyf to lay stress on the general 
U8efuli.%ss of the work of the Department : — 

1 continue to attacli imicli iinport.aiJc(^ to th(‘ steady jiro^^rcss of tlu^ construction and 
])ablication of i>’ood maps of all parts of tin? Ihitisli provinces in India, feeling sensible 
that without them serious obstacles are necessarily inlm’jioscd in tlu' way of the accpiisi- 
fioii of that compl(>t(' statistical knowled^^e of the country, the ah.senco, of which has so 
longi^iccn a discredit 1(» onr administration, and th<‘ appHea-t-ion of whi(*li is so retpdsitc 
for the purpose of proi^ressivt* government. 

1 should therefore 1)0 f^lad if, when the tinui comes for con.sidcring the details of the 
biul^et for the ensuing y(‘ar, your Lord.ship sliould thnl yoursidf in a [>osition to avoid 
further reductions in tin* grant to the Survey Dcpaitment. 

These wore statesmanlike words and imdoiihtedly would have 
borne fruit in at least arresting fui-tlier rcil notions. But in tlic 
meantime a grave misfortune bad arisen. A famijie was over- 
spreading huge tracts of country, aggi-egating some 200, 000 square 
miles, in Madras and Bombay, aiul 30 millions of ])ooj)le were in 
the most serious plight. It was, in fact, the most grievous calamity 
of its kind experienced in British India since the beginning of the 
century.J This terrible state of things ami the heavy expenditure 
caused Jjhereby, which, of course, were not foreseen at the time the 
Secretary of State’s despatch was written in January 1877, made it 


* Crcograpliiciil Despatcli to India, No. 3, <luU‘d 21lli February 1876. 
t No. 1, dated 4tli Jauuijry 1877. 

J lieport of the Indian Famitie Coramifwion, paragraph 60. 
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impossible to rescind or even to modify to any great extent the 
scope of the orders of 1875. 

It was about this time that General H. L. Thuillier, the Surveyor- 
General, was retiring from the service in which he had done such 
excellent work for five and forty years, and the Government took 
the opportunity to call upon his successor, Colonel J. T. Walker, to 
frame a scheme of re-organization of the Department. This 
re-organization involved an amalgamation of the three branches of 
the Survey, viz., the Great Trigonometrical, the Topographical, and 
the Revenue. Up to that time they had been virtually separate depart- 
ments, each with its own cadre of officers and establishments of 
European aud Native surveyors and its own superintendent. 
Originally, when the three departments were first formed, at different 
times, the duticis which each had to perform were o.-sentially distinct. 
I’he Trigonometrical Survey was required to furnish the basis 
on which all surveys of interior details were to rest, and the 
framewmrk within which they wore to bo filled and connected 
together. Tlie Topographical and the Revenue Surveys were to 
furnish the interior detiiils, the fornn^r having to survey by moans of 
])laiio-tabliug the whole country, including Native States and Biitish 
territory with the exception of the richer British revenue-paying 
districts, which wore to be surveyed by tlie latter on a larger scale. 
In course of time, however, the duties of the three departments 
began to overlap and intermingle. The Trigonometj^ical Suijvey 
was ajijjroaching its completion, and for many years a large proi)or- 
tiou of its surveyoi's had been employed on topographical tvork. 
The Topographical Hurvoy, though originally intended for the 
primary general survey of India, had had to undertake in many 
cases detailed surveys on largo scales, and the Revenue Survey had 
in addition to its own special functions been largely employed on 
the topography of hill districts on a trigonometrical basis. The duties 
of the three departments had thus become much intermixed, while 
at the same time the tramsfer of an officer from one department to 
another was a matter of such difficulty, that, from every point of 
vieAV, amalgamation was most desirable. This amalgamation was 
not carried out without a good deal of difficulty and damage 
to individual prospects, coincident as it was with extensive 
i-eductions. The amalgamated cadres of officers and suiwoyors Tvero 
at last constituted as follows : — 

I Surveyor-General and Superintendent of the Trigonometrical 
and Topographical Branches, * 
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1 Deputy Surveyor-General and Superiutendont of the Revenue 
Branch. 

4 Deputy Superintendents, 1st grade. 


10 


59 


2nd „ 

12 


99 


3rd „ 

11 

Assistant 

15 


1st „ 

11 

rt 

91 


2nd „ 

12 


15 


3rd ,, 

9 

Surveyors. 

, Ist grade 

. 


12 

55 

2ud „ 



16 

15 

3rd „ 



22 

55 

4th „ 



23 

Assistant 

Surveyors, 

1st 

grade. 

25 

15 

99 

2nd 

51 

27 

99 

55 

3rd 


29 

95 

95 

4th 

19 


. The designation of “ TJio Survey of India ” was given to tlio 
aiuaigainated Department, which was henceforlh to be one body, 
its oflicprs being hold to be available foi’ any description of survey 
work that might be required of them, and the whole being placed 
under the orders of Colonel J. T. Walker. 

A brief notice of the previous services of this distiiiguished 
61Bcer seems here called for. 

Major (noV General) J. T. Walker, R.E., C.B., F.R.S., JiL.D., 
&c., succeeded to the Superintendence of the Great Trigonometrical 
Survey on the 13th March 1801, on the retirement of Major- 
General Sir Andrew Waugh; ho became Surveyor- General and 
Superintendent of Topograjdiical Surveys on the retirement of 
Colonel Thuillier on the 1st January 187N ; and he held the three 
united posts until the 12th February 1883, when he quitted India 
preparatory to reth’ement. Ho had entered the corps of Bombay 
Engineers in 1844, served throughout the Punjab campaign of 
1848-49, and ha^l been employed for the }iext five years in making a 
rapid military survey of the Northern Trans-Indus frontier, which he 
carried single-handed over an area of about 10,000 square miles, 
from Peshawar down to Dera Ismail Khan ; he served in several 
encounters with the hill tribes on the Trans-Indus frontier, and 
during the mutiny of 1857 was severely wounded at the siege of 
Delhi ; for his military services he received three medals and three 
clasps, a brevet majority, and the Companionship of the Bath. 
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lie was appointed an assistant in the Great Trigonometrical 
Survey on the 1st Decemhor 1858, took a share in the measurement 
of the Chach base line in the valley of the Indus near Attock, • 
and for some years was conducting the principal triangulation, 
along the Indus and on the meridian of 73^°, and in carrying a 
lino of levels to connect the stations of the triangulation with the 
sea. . 

In LSOl, when Colonel Walker became superintendent of the Great 
I'rigonometrical Survey, the greater portion of the principal triangu- 
lation had already been completed, and the time had arrived for 
determining the procedure by which the fallible vabnis of the several 
angles and base-lines, as olitained by actual moa.surement on the 
ground, were to bo I’endered consistent, and final values wore to bo 
determined for the lengtlis and azimuths of tlie sides of the triangles 
and also for tlie latitudes and longitudes of the stations, which is 
the nltiraaie object of all first-class triangnlation. Already pro- 
visional corrections had been applied to the angles of certain chains 
of triangles directly connecting base-lines for the linear error 
g(;nerated betAVoon the base lines, whereby the length of one base, 
as computed through the triangles from the other, was brought into 
accordanc(i Avith the measured length. But this AV'as only a. .small 
part of the requisite reductions for gfmeral consistency. The 
triangulation being foi-med of a largo number of meridional chainw 
tied together by a few longitudinal chain, s — forjuing sections some- 
what resembling a gridiron in shape — ])rcsentcd a large number of 
circuits; and at the closing side of each circuit two values vrere 
forthcoming not oidy of the length of the side but also of its 
azimuth, and two Amines Avere also forthcoming of the latitudes and 
longitudes of the stations at its extremities. Thus three geodetic 
errors — as they have been called — had to be recognised and disposed 
of by a process of dispersion throughout the angles, as well as the 
linear error; and the question arose, and a most embarrassing 
question it was, as to hoAV the requisite angular corrections to 
produce consistency throughout could be legitimately computed. 

The procedure adopted Avas to form e(| nations of condition 
expressing the errors of the angles in each circuit as unknown 
quantities in terms of the closing error of the circuit, for the three 
geodetic as well as the linear errors. In forming the geodetic 
equations — now done for the first time in any survey — it was foqnd 
that the co-officients of the unknown quantities in them wore greatly 
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more difficult to . determine than the co-officionts in the linear 
equations, for they consist of summations of series of terms from 
•the commencement of the circuit up to the position of the angle 
whose error is the unknown quantity, whereas in the linear equations 
the' co-efficients are merely the co-tangents of tlio angles. The 
solution of the equations was effected by Gauss’s method of minimum 
squares, in \yhich every unknown quantity is given the Aveight due 
to the facts of observation of Avbich it repi'osenls the error. Tlie 
number of triangles in each circuit Avas so great that evei’y c(] nation 
usually contained at least a hundred unknown quantities and often 
many moi’C, and thus the simultaneous solution of any considtTabh' 
number of circuits would be a matter of enormous labour, rc([iuring 
every precaution to ensure accuracy in the execution of so hirge a 
mass of interdependent calculations. It was found practically 
impossible to undm’take the simultaneous solution of the whole of 
the principal triangulation of India ; the triiingulation Avas there- 
fore apportioned into five .sections, of Avliich the dividing lines won' 
the two longitudinal chains of triangles, one connecting Karachi 
with Calcutta, and the other connecting Vizagapatarn Avith Bombay, 
and also* the portion of the central meridional chain of Iriangles 
called the Great Arc, which lies between the parallels of 1<S'- and 30" 
Of the sections thus obtained, the four northern ones Avei'o of a 
qyadrilateral form, and Avere called the Korth-East, Korth-Wost, 
Soutlj-East, ayd South-West Quadrilaterals, the directions having 
reference to certain jioints common to all the four sections at their 
convergence in Central India, namely, lh.(i Sii'onj base-liiu', Avliich 
was the ado])ted origin of the linear ('lemeut of the survey, and the 
Kulianpur Observatory, the adopted origin of the geodetic elements 
of azimuth, latitude and longitude. The fifth section embraced the 
whole of the I’eninsula to the south of a lino from Bombay to 
Vizagapatam, and, being triangular in form, is called the Southern 
Trigon. Each figure presents an enormous aniount of simidtanoous 
interdependent calculaticm, greater than had evei' been executed in 
any survey, or jn-obably in any investigation Avhatevcr. 

Of these sections of the triangulation the North-W<;st, North- 
East, *and South-East Quadrilaterals Avore reduced, and the final 
results pfinte<l and published at the head quarters of the Survey in 
Dehrq, Dun, by Mr. Hennessey and other officers directing the 
computing staff, under the immediate superintendence of General 
Wa&or. The results are contained in Volumes 11. to IV. and VI. 
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to VIIT. of the Account of the Operations of the Groat 'trigono- 
metrical Survey. Of these volumes, nine in all — of which No. I. is 
on the Base-lines, No. V. on the Pendulum Operations, and No. IXv 
on the Longitude Operations — were published under Colonel Walker. 

The principal triangulation of the Indian Survey was designed, 
from its commencement, to furnish data for employment in the 
determination of the figure of the Earth. The central chain, executed 
by Colonels Larabton and Everest, which extends from Cape Comorin 
to the Himalayas, has several stations at which astronomical observa- 
tions of the latitude were taken to convert it into a geodetic arc, 
and it is a most valuable arc, and has been employed in all the latest 
and best investigations of the Earth’s figure. But oast and west of 
this central chain there were several other meridional chains when 
the triangulation was completed, some of tliem of an accuracy at 
least equal to and perhaps greater than that of the Groat Arc, and 
these only required to have tho latitudes of certain of their stations 
determined astronomically to become valuable meridional arcs for 
geodetic purposes. Moreover, a, further contribution to geodesy 
became practicable as soon as a sufficient number of telegraph lines 
had been run over the country, l)y connecting certain' of tho 
trigonometrical stations with those linos, and then determining the 
differences in longitude between the slations telegraphically. 
Colonel Walker obtained a su])ply of new instruments for these 
observations, and a large number of astronomical Jatitudes,. and 
difforenti.al longitudes were observed under his directions, and 
employed by Colonel Clarke, R.E., C.B., of the Ordnance Survey, in 
his latest investigations of the earth’s figure, published in his work 
on Geodesy. Much of this work, however, still remained for 
completion on Colonel Walker’s retirement, but the principal 
triaugulation of all India proper was completed, and the greater 
jiortion of it had been finally reduced. 

Colonel Walker also initiated the pendulum operations, which 
were completed under his superintendence, and the tidal and 
levelling operations, which are still in progress. 

In 1864 he went to Russia to make tho acquaintance of the 
officers at the head of the Russian Topographical Department, and 
for several years he was indebted to them for copies of their latest 
maps of regions in Central Asia, which he employed in the,com- 
pilation of the successive editions of his well-known map of 
Turkestan. He also did much to advance the operations of the 
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celebrated native-' explorers wbo have obtained so much now 
geography iti Trans-Himalayan regions. 

'• On being appointed Surveyor-General, Colonel Walker proceeded 
io carry out the amalgamation of the three branches of the Survey 
referred to above. 

Colonel Walker held the Surveyor-Generalship until 1883, when 
he was succeeded by Colonel George Charles De Pree. The latter 
officer had entered Addiscombe in 1848, and was a})pointed Second 
Lieutenant of the Bengal Artillery in 1850. He served with the 
Pegu Field Force in the following year, and examined the TongKup 
pass between Arakan and Bui-ma, and reported on its practicability 
for elephants. For this he was thanked by Lord Dalhousie, the 
Governor-General, and ho also gained the Pegu war medal. In 
1854 he Joined the Survey Department and was deputed to take up 
topography in Ganjam, where he worked foi' many years, being 
afterwards attache<l to the contiguous survey of the Chota Nagpur 
Division. On the disbanding of No. 4 Topographical Party (see 
p. 74), he was placed in charge of No. 7 Party (Bajputana and 
Simla). , He officiated as Surveyor-General in 1883-84, and in the 
latter year was confirmed in the ap])ointment, which he held up to 
his death, in Jersey, on the 18th February 1887. Ho was a talented 
and indefatigable officer, and his early death was undoubtedly due 
ift great measure to the inclement and unhealthy tracts in the 
eastern part of the Peninsula where he had so long and energetically 
laboured. He was succeeded by Colonel II. E-. Thuillier, R.E., (son 
of the fornuu' Surveyor-General of that name) who obtained his 
commission in 1857, and whose good services have admirably 
sustained the traditions and reputation of the Dt^partmout. 

During the year 187G-7, at which period our review of these 
operations begins, throe parties were engaged on principal triangula- 
tion, on the Madras Coast Series, the Eastern Frontier Series, 
and the Eastern Sind Series, and two parties in the Assam Valley 
and British Burma on secondary triangulation. The primary 
object of the Madras Coast Series was the completion of the 
principal triangulation in Southern India by a regular series between 
Madras and Cape Comorin, with a branch series vifi- Palk straits 
connecting Ceylon with India. Triangulation had been carried into 
this region by Colonel Lambton in the beginning of the century, 
button leaving the hills of the central peninsula and entering a 
vast plain covered with trees and vegetation, it met with difficulties 
which the early applianefes of the survey were inadequate to 
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surmount and wticli necessitated, the stoppage of the operations. 
A large blank in the triaugulation thus remained to be filled in. 
The Madras Coast Series (under the temporary direction of Captain 
T. T. Carter, in place of Colonel Branfill) started from Southern 
Tanjore and worked northwards, so as eventually to effect a junction 
with the Madras Longitudinal Series at its eastexm extremity. The 
country was unfavourable for triangulation, being flat, with innu- 
merable groves of valuable trees ; the villages were numerous, and 
each covered much ground, and owing to the w'ant of roads locomotion 
was by no means easy. The famine, too, which was raging in 
Southern India during the season, made the (piestion of supplies 
a difficulty, prices being excessively high, and the villagers occa- 
sionally disinclined to supply food at any price. The country 
traversed by the party skirts the coast of South Tanjore for some 
fifty miles along the north-we.storn shoi’o of Talk straits (the Sinus 
Argaricus of Ptolemy), and lies between the deltas of the Vaigai 
and the Cauvery river.s. 

In the following season the triaugulation was carried by Colonel 
Branfill across the paddy swamps of the Cauvery delta into the 
valley of the Coleroon. The lofty tower of the Provincial College 
at Kuml)a Konam alTorded an excellent station, which greatly 
facilitated the passage of the delta. An approximate connexion 
with the levels of the South of Iinlia llailway was effected, and 
seven of Colonel Lambtou’s old stations were identified and con- 
nected. An interesting note on the physiography of the Cauveiy 
delta, togelher with a list of the proper nam(^s of stations and places 
with root meanings and notes on their characteristics, was compiled 
by Colonel Branfill during the season and published by the Asiatic 
Society of Bengal. 

Next season (that of 1878-9) saw the party working across the 
alluvial flats of the Coleroon, Vellar, and South Pennar rivers, and 
it was not till the hillock and rock-studded plain of the Carnatic 
was reached that the ground became favourable for triangulation. 
Tho great Siva temple of Gangaikondapuram, in the north-east 
corner of the Trichinopoly district, was visited and described by 
Colonel Branfill, and his paper thereon was also published in tho 
journal of the Asiatic Society of Bengal. 

The operations of this party were brought to a conclusion in the 
year 1879-80 by the measurements of three polygons between 
Pondicherry and Madras. Secondary chains of triangles were 
carried from the main chain to fix the positions of the lighthouses 



GREAX TIUGONOMETRIGAL SURVEY OF INDIA. 


47 


at Pondicherri, Negapatam, and other distant points, and in course 
of this work I’ecourse was very frequently had to the lofty 
••temples called Gopurams, the temporary conversion of which into 
theodolite stations was successfully negotiated by the Assistant 
Surveyor, Mr. Potter. The principal triangulation being finished 
early in the season, Colonel Bi'anfill ])rocee{lo(l to the west coast to 
connect the secondary triangulation which Colonel Lambtou had 
brought up from Cape Comorin over the hills of Travancoro and 
Cochin to Ponani, early in the pi’esent century, with the secondary 
triangulation of the Malabar minor scrie.-i. Colonel Branfill’s opera- 
tions closed with certain obsei’vations for the better conm etion of 
the triangulation on which the topography of the Nilgiri TTills is 
based, with his principal triangulation. 4'his completeil the modern 
operations in Southern India, the greater portioii of Avhich fell to 
his share and were accomplished with con.siderable skill, energy, 
and perseverance. 

The Eastern Sind Series, on the meridian of 70°, was commenced 
by Captain Rogers in 1876, at a side of the Karachi JiOngitudinal 
series, it lay across a country of sheei- desert, com])Osed mainly of 
])arallel ridges of sand of considerable height with steej) slopes 
covered with low thorn jungle ; occasionally tlieso sandhills disap])car 
asd give place to a variously moulded surface of ever shifting sand 
utterly devoid of vegetation called “ draens.” Curiously enough, 
wells of good water are occasionally found in these S})Ot8, the 
water in other parts of the desert being scarcely drinkable. The 
villages are for the most part built on the tops of the sand- 
hills, Avhich in .winter are warmer than the valleys. During 
1877-78 the rains failed in Sind, and Captain Rogers was 
consequently despatched to carry a secondary triangulation from 
the western frontier of Sind into Baluchistan along the line 
between Jacobabad and Quetta, a series much needed for the 
correction of the anaps of Southern Afghanistan and Baluchistan ; 
the position of Kandahar in particular being placed on one of the 
best maps 15 miles west of its real position. Towards the 
British frontier there is a great dearth of water and vegetation, 
but near the hills there are ravines and watercourses, several con- 
siderable villages, and traces of much greater prosperity and 
population in times f ast, the subsequent deterioration being attri- 
buted mainly to the unsettled condition of the country. Captain 
Rogers laid out several triangles near the entrance to the Bolan 
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pass, after which he marched to Quetta .ind fixed the most conspicuous 
hills around. During the following season war broke out with 
Afghanistan and Captain Rogers was attached to the southern army,, 
but Mr. Price carried the triangles up to Quetta, and Mr. Torrens 
extended them to the boundary of Pishin beyond. A good descrip- 
tion of the Kachi plain lying between General Jacob’s tower on the 
British boundary and the mountains forms part of Mr. Price’s official 
report. The various pieces of triangulation completed by Captain 
Rogers and his assistants comprised the following : 1st, the series 
from Jacobabad to Quetta ; 2nd, the series from Quetta to Kholat ; 
3rd, the series from Quetta to Kandahar : 4th, the triangles round 
Kandahar and the Khakroz valley. 

It was not till neai' the end of the field season of 1 879-80 that 
the work of the Eastern Sind Series was resumed, when Captain 
Rogers completed two double polygons spanning a direct distance 
of 64 miles. In the following year the series was completed by 
Colonel Branfill by four polygonal figures carried northwards, and 
closing on to a side of the Groat Indus Series. A chain of secondary 
triangles was also successfully carried by Mr. Toi’rens acioss 
Central Sind to Sehwan, on the Indus, to furnish points for the 
revenue and topographical surveyors. 

On the northern confines of India the survey of the mountainous 
districts of Kumaun and Garhwal (of which only a small area 
remained to be done) had been in abeyance dui’ing 1875-76 so 
as to enable the whole strength of the party to be applied to 
the Dohra Dun survey, which by that means was fini.shed in 
that season. In 1876-77 the Kumaun and Garhwal survey was 
resumed under Mr. E. C, Ryall and also brought to a conclusion. 
The winter had been exceptionally severe, and the spring and 
early summer cold and wet ; consequently this told much against 
the surveyors, whose operations had to be conducted at an average 
elevation of about 16,000 feet above sea-level; Mr. By all’s highest 
point of observation was 19,600, while Mr. Pocock executed 
one plape table section at 19,000 feet. The snow-line was much 
lower than usual, and owing to the inhabitants being thereby detained 
in their winter homes long beyond the ordinary time, supplies were 
very difficult to obtain. Mr. Ryall’s triangulation is described below, 
p. 50. To Mr. J. Peyton was entrusted the topographical survey of the 
Byans valley, But here again the exceptionally unfavourable weather 
proved a great obstacle to work. In July there were only five days 
of clear blue sky, when the mountain features could be delineated, 
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and in tlxe Kuti Valley, leJiind most of tlio groat snow and rain 
collecting mountains, the woathox’ was seldom fine for more than a 
couple of hours in the morning. The Byans valley communicates 
with Tibet by three routes, the principal and earliest open to 
fravellers being called the Lipu Lok pass ; in moderate weather this 
is a very easy pass. There are seven villages iu the valley, all 
facsimile.s of each other, but with the exception of some half-dozen 
houses built in the stylo of Swiss chalets, they all are small and low, 
the building material being furnished by the cedars of the adjoining 
ranges. The Bliotea iuhabita.nts of these lofty regions are a race 
of sturdy hillmen, with no casto prejudices, ready to eat game of 
■ all kinds and to drink to any extent. They aro principally engaged 
in agriculture and breeding sheep and goats, and all their clothing is 
made by hand looms, the wool being procured from their own 
sheep. Woollen blankets and plaids of bright colours and scarfs 
are made by th(' women, ■who occasionally act as coolio.s when there 
is a lack of men. At Garbia, one of the largc.st villages of the 
Byans valley, the Tartar physiognomy is by no means prominent, 
and some of the faces wore expressive and even pretty. Mr. Peyton 
found th8 men always faithful to their engagements, and many of 
them while in attendance on him nnderwcmt great hardships, 
roughing it on the cold mountain to])s without shelter of any kind. 
To Ml*. Pocock and Mr. Warwick was allotte-d the topography of the 
northein and southern portions, respectively, of the Jlharma valley, 
which runs contiguously to the Byans valley, and in the case of the 
former the inclemency of the weather w’^as equal to and the altitude 
oven greater tlian in the Byans valley Avhero Mr. Peyton Avas 
occupied. The entrance to the Milam valley is through a stu- 
pendous goi’ge overhung by largo masses of granite precipices; 
the gorge is about 12 miles in length, and the road through it is for 
ythe most part a mere series of narrow steps built along the faces of 
steep hillsides or rugged precipices ; Avhere these steps cannot bo 
made i)lanks leading from one ledge of a precipice to another are laid 
across. _ The mountains here aro composed of three different kinds 
of rock, the lowest formation is granite, of which all the most lofty 
peaks are composed ; the second is hard slate ; and the third and 
highest is a hai'd crystallised limestone. At the village of Milam* 
the A'^alley splits into two ; the one to the Avest is occupied by an 

* is the village Avliere the celebrated explorei s Nuiu Singh a lid Kisheii Singh 

were both born and brought up. See page 151. 
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extensive glacier, the other niiglit bo called , a narrow gorge, 
extending up to the very watershed line on the TJnta Dhnrra pass, 
beloAv which lies a glacier four miles in length. Owing to this glacier 
the TJnta Dhnrra pass is the most difficult of all the passes in 
Kumaun and (Tarwhal. 

Mr. E. 0. llyall succeeded in extending the Milam series of 
ti'iangles (originating from a side of the Kumaun and Garhwal 
survey) up to the frontier of Huiides — ^which is the name of the 
S.W. province of Tibet — and then for some distance across tlie 
frontier, whereby he was able to fix the positions of a large 
number of peaks in Tibetan territory.* The severity of the winter 
had caused the routes to bo blocked up with snow ; but though 
this may have deterred oniinary travellers, the Tibetan officials 
wore on the alert, and soon after Mr. Ryall ha«l crossed the frontier 
his ])resenco became known to them. By informing them, however, 
that his object tvas to survey the northern limits of British territojy, 
which ho found it impossible to do from the south, he succeeded in 
satisfying tlicm, and tvas allowed to ])roceod. Mr. Ryall was 
enabled to fix a largo number of snowy peaks across the Sutlej, 
including the remarkable needle-like peak of Leo Porgyal situated 
at the point wdiore the British frontier crosses the gorge of the 
river, the sacred Kailas, and other lofty peaks at the head of tlu^ 
Manasarowar lakes and to the east. The triangulation aeccnnplislyed 
was sufficient to funiish bases for a detailed survey ..if one i;hould 
ever be desirable. The province of Hundes or Nari-Khorsaiii occupies 
the upper basins of the Sutlej and the head waters of the Karnali 
river. It is a most desolate region, the only trees being poplars, and 
these being found only along the lower banks of large streams. 
One of the most important places is the military fort of Taklakhar 
(Tiger’s fortress), which is garrisoned by about 100 men and is close 
to the Nepal frontier. It is in reality a huge mound, the dwellings 
being excavated in the centre and the sides loopholed for defensive 
purposes. Within are said to be vast stores of grain and ammuni- 
tion, the former being subject to no deterioration owing to the 
extreme dryness of the atmosphere. Taklakhar was the last post 
occupied by thoDogras in their disastrous invasion of Tlundes, when 
Zorowar Sing’s Indian army of 6,000 men ivas routed by the 
Chinese and perished miserably by the sword and by the frost on 

See special report attached to Surveyor-Gonorurs llcjport for lS77-~78. '^^Soine 
interesting particulars ar(3 also given in the Trigonomotrical Survey U<*poj*tfor 1870-77. 
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the 12tli December;' 1841. The people of TTimdes (called truiiias) 
are of Tartar origin, liaviug the well-known leatling etlinological 
characteristics of that race. They own large flocks of big, long- 
fleeced sheep, and herds of cattle and Tibetan goats, as well as a 
^ew yaks. There are five principal passes leading from Hundes into 
British territory, and the traffic over them is cai’i'iod on beliwoen the 
15th Jnne and the 15th Octob(!r. The passes, liowc'ver, are not 
declared ojjcn till the authorities have satisfiei! thomselvcs as to the 
absence of epidemics in tins (Ihats, the (dlect of small pox, &c. on 
some occasions among a people so indifferent to cleanliness having 
been terrible. Shawl wool is taken in largi' quuntiiios to Anu-itsar 
"and other jdaccs in the rmijab, while sheep’s wool is also largely 
exported to the Himalayas, whore it is made np into blankets and 
serges. 

In the following year Mr. T. Kinnc^y was despatcluHl n[) the 
Bhagirathi valley to supplement Mr. Tlyall’s observations in the 
direction of the Nilang valley and the Tsaprang district of Hund(!s. 
The Bhagirathi forms the we^ternmost source of the Ganges, and 
the gorge through which the Nilang valley is entered is terrific in 
aspect; snowy peaks, fi'om 2(),()()0 to 21,000 feet in height, 
towering overhead, whih' the stream flows 10,000 feu't below, walled 
in by sheer precipices sometimes 0,000 feet in height. The descrip- 
tioji given by Captain Hodgson in 1817* fully bears out Mr. Kinney’s 
more Recent account. Owing to (In'i Tibetan frontier officials having 
been sharply censured by the Governor of Gartok (avIio has supreme 
authority over the ])rovinco of Hundes) for allowing ]\lr. Ityall to 
cross the frontier the year before, Mr. Ivinney was unable to do 
much more than fix some of the Tibetan peaks from the crest of 
the watershed, some 10,000 fec-t in height. T’lio cold was intense 
throughout, and as the [)arty’ were forced to encamp at least 
4,000 feet bolmv, much time Avas spent in travidling to and fro, and 
the out-turn of Avork not so great as it Avould have been under 
favourable circumstances. 

The secondary triangulation in the Assam valley was carried on 
by Lieutenant Harman, in 1870-77, Avith his customary energy, 
notwithstanding the unfavourable weather, incessant rains flooding 
the nullahs and turning tiic forc'st paths into streams of mud and 
water, -which brought out myriads of hieches, to the great discomfort 
of the party. Huge india-rubber frees had often to be felled, though 

* See Asiatic Koscarches, Vol. XIIJ. 
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one, 112 feet in lieiglit, was usefully converted into an observing 
station, enabling a connexion to bo established with the triangulation 
of Lieutenant Woodthorpo, who was carrying on a topographical, 
survey in the neighbourhood. The work of the season extended 
over a distance of 53 miles, along the bunks of the Brahmaputra to 
within a few miles of Hadiva. During the following season 
(1877-78) endeavours were made to extend the triangulation of the 
region between tlie Subansiri and the Dihong, so as to ascertain 
which of the two fonnod the continuation of the Sanpo river of Tibet. 
As it was ])ractically impossible to venture far across the frontier. 
Lieutenant Tlaianan was directed to measure the discharges of the 
Subansiri, the Dihong, the Dibong, and the Bramaputra in order 
to try and solve the question by ascei'taining the magnitude of the 
volume of water in each river, and thus obtaining indirect evidence 
on the question at issue. 

In company with Captain Woodthorpe, Lieutenant Harman pro- 
ceeded to the Miri Hills, between the Subansiri and Dihong rivers, 
and succeeded in sketching about 1,500 miles on the half-inch 
scale. This included a portion of the Diliong river, higher than any 
previously surveyed, but not sufficiently high to show whether the 
stream is the continuation of the Sanpo or nut. lie next com- 
menced to measure the river discharges, taking observations of tlie 
following ; — (1) the Subansiri liver ; (2) the Brahmaputra, ak a 

point three miles from Dibrugarh and below the jiinction pf the 
Dihong and Dibong rivers ; (3) the united stream of the Dihong 
and Dibong rivoi’S, one mile below their junction and one mile above 
their junction with the Bramaputra ; (4) the Dibong river, at one 
mile above its junction with the Dihong and half a mile below the 
junction of the Sensii river Avith it ; (5) the Brahmaputra river, 
about nine miles above Sadiya and half a mile below the junction 
of the united stream of the Tongapani and Noa Dihing rivers ; and 
(G) the united stream of the two latter rivers, at about 200 yards 
below their junction. 

The full details of tlieso interesting operations, including the 
sectional measurements and the calculation of discharges, have been 
published by the Asiatic Society of Bengal.* The general effect is 
to show that the volume of water in the Dihong is from two to 

• SeeJ, A. S. B., Vol. XLVIII., Pt. 2, No. 1., 1879. The meiisorcnienltt, inconncxiim 
with the earlier ones by Bedford and Wilcox, are also discussed in General Wwlkor's 
paper on the Hydrograpl.y uf S.E. Tibet (see Proceedings Koyal Geographical 
Society, p. 581 of 1888). 



GREAT TRIGONOMETRICAL SURVEY OF INDIA. 


53 


three times as great as that of the Subansiri, and that the former 
is much more likely to be the continuation of the Sanpo than the 
‘latter. 

. The secondary triangulation in Burma consisted in 1876 of chains 
projected from the Eastern Frontier Series in various directions, 
one being from Myanong to Capo Negrais, (2) one from Prome to 
Thayetrayo and Tonghu, and (4) a chain to meet (2) in the neighbour- 
hood of Tonghu. The country through which tlicse operations had to 
bo carried on was difficult, the hills being flat-topped, densely Avooded, 
and from their similarity difficult to distinguish apart. The 
difficulty of obtaining labour, too, Avas considerable, as the Burmese 
coolies strongly object to being absent from home for more than a 
day or two. In the following season (1877) Mr. Beverley was 
instructed to select suitable sites for two lofty beacons Avhich it was 
])roposcd to erect on the coast line abreast of the Krishna shoal, the 
lighthouse on which had mysteriously disap])eared, whether < blown 
over in a storm or demolished by the collision of a vessel Avas 
unknown. Strenuous efforts Averc made to extend the triangnlation 
towards ihese beacons during the year 1878-70 ; but in conse- 
quence of the great difficulties encountered, owing to the country 
being quite uninhabited and covered with demso forest and jnngle, 
through which it Avas almost hopeless to attem])t to cut openings 
fetr the rays, the attempt to triangulate was abandoned, and instead 
therebf' a traverse survey Avas carried to the beacons along the 
best paths that could bo found. 

At the close of the season 1875-76 the line of principal triangula- 
tion called the Eastern Frontier Series had been brought doAvn to 
the vicinity of Tav^oy, whence, during 1876-77, it was carried 
forward in all a distance of 92 miles, first by Mr. 11. Beverley and 
afterwards by Captain J. Hill, B.E., Avho assumed command. For 
the extension of the triangnlation southwards it was necessary, 
during the ensuing season, to have a station on the group of 
islands known as the Middle Moscos, and another on the Southern 
Moscos. The country traversed on the mainland was very like that 
of the previous season ; a thick impenetrable jungle, coA^ering ])lain 
and mountain alike, and offering great obstruction to the elephants, 
which had often to bo brought to the stations by tediously circuitous 
routes. The trigonometrical measurements AVore advanced a distance 
of 65 miles ; the position of the town of Tavoy was fixed, as well 
as that of. the “ Three Pagodas,” an important and Avell-known mark 
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on the boun(3ary between Siam and Tenassorim.* All the officers 
suffered more or loss in health after their exposure and privation in 
the ^J’enasserim jungles, and the want of a sanitarium in Burma to * 
enable men to recruit before entering the duties of a fresh season, 
was much felt. 

This series had now reached a point about 35 miles south of 
Tavoy, from which the direct distance to Bangkok, the capital of 
Siam, was only 90 miles, while the distance round the coasts 
Avas fully 2,000 miles. As a check on the marine surveys it was 
very desirable for a chain of triangles to bo carried across into 
Siamese territory, and to this the King of Siam readily assented. 
Singularly enough, the tract of British territory lying up to the 
Siamese boundary, though only 42 miles in width, proved the most 
(iifficult piece of all, the hills (composed chiolly of metamorphic rocks) 
being generally flat with no commanding points, while the dense 
tropical vegetation and nnnsually long rainy season of 1878 were 
further obstacles to sj)ecdy progress. Once across the frontier the 
country suddenly became more favourable, and with the ready 
co-operat ion of the Siamese officials good progress was made up to 
within 25 mil(>s of Bangkok, the remaining portion being continued 
by (hptaiu Hill late in the following year, and completed by 
Mr. McCarthy at the beginning of the season 1880-81. 
Mr. McCarthy also determined the position of the six next moht 
important toAvns in Siam ; one of the stations selectbd was part of 
the celebi-ated Phra Pratom pagoda, the largest in Siam. Tlie 
outside circuit of its enclosure is 3,251 feet. Within this enclosure, 
which is cloistered and turreted, are other cloisters, temples, and 
belfries built on successive plateaux, while from the cenrie of the 
highest a great bell-shaped spire springs to the height of 347 feet 
above the ground. Besides these places the positions of several hill 
peaks on both sides of the head of the Gulf of Hiam were deter- 
mined, compass sketches made of several of the chief rivers and 
canals, and a ])laii of Bangkok prepared on the scale of four inches 
to the mile. 

In November 1880 Mr. McCarthy was requested by the British 
Vice-Consul, Mr. Newman, to accompany a Siamese telegraphic 
ex[)cdition then about to start for the Natyadung pass, on the 
British frontier, about 55 miles higher up than the Amya pass, by 
which the survey party had crossed into Siam. The whole route up 
to the former pass was measured with cane ropes, and Mr. McCarthy 
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Ai’as also enabled ‘to got bearings to fresh peaks and to affix the 
names to some already observed. lie returned to Moulraein on the 
‘■13th April 1881, having been employed on field duty nearly 
eighteen months, and having won good opinions in Id's dealings 
with the Siamese officials and natives. 

The extension of the Eastern Frontier Series or chain of principal 
triangulation down into lower T’enasseriin, with a view to the 
measurement of a base-line at tlie southern extremity of British 
Indian territory, was taken in han<l by Mr. H. Beverley in 
November 1879. But the ill-health from Avhich, in spite of a very 
strong constitution, ho had sufiered for some years, proved fatal 
and ho died on the 22nd June. He had served 25 years in the 
Department, and notwithstanding the malarious and difficult tracts 
in which he had often worked his labours were assiduous and 
successful. 

'riie selection of a suitable site for the measurement of a base- 
line was a difficult matter, but eventually a good spot Avas discovered 
in the Mergui township, Mcrgui island, beyond the range of the 
numeroup creeks Avhich penetrate inland from the sea. Lastly, but not 
loastly, supplies for the numerous surveyors and tlieir followers were 
here easily procui’ablo. AVhile Mr. Bottei’, Assistant Surveyor, was 
constructing the jirincipal stations around the base-line, and clearing 
thb rays betAvc'eu them. Captain Hill was comideting the remaining 
triangles betAveeJi 'I’avoy and tlie base-line and conneeting hia 
heights Avitli the sea-level for Amn'ti cation. Extraordinary difficulties 
were exjicrienced from the. haze, which was so dense that the 
shipping people and fishing ])opulation were unable to carry on 
their usual calling. The meteorological observations throw very 
little light on the cause of this pc'cidiai’ haze. It generally 
commences aljout the middle of January, Avith north-east or easterly 
Avinds, and rain seems to haAm no ettbet upon it ; with south-west or 
western winds it clears. The natives add that exceptionally hazy 
seasons occur at intervals of about five or six years. 

The part of Mergui chosen for the base-line apjiears to have been 
more thickly inhabited in formei' times than at present. Many 
old pagodas, some in ruins, are scattered about. A number 
of Mussulmans, chiefly descendants of men from India and the 
Htraits Avho have intermarried with Burmans, have taken up their 
j'esidvjnco in the place ; they are increasing steadily, and supplanting 
the original Burmans. The Mergui archipelago, consisting of 
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tliickly-studded islands, interspersed with shoals and rocks, enjoys a 
salubrious climate, and the scenery is beautiful. Many of tho 
islands are peculiar and interesting ; one with a central basin' 
enclosed by walls of rock can be approached through a short tunnel- 
open only at low water, and when the tide rises communication 
with tho outer world is cut off for six hours. Another small flat 
island, called Tho Bya, has a small fresh-water lake in the centre, 
and until recently villages stood and fields were cultivated round 
the margin ; but tigers came and multiplied to such an extent that 
they drove away the people, and the i,sland is now deserted. With 
tho exception of the fishing people from Mergui and the neigh- 
bourhood, the only inhabitants of tlio smaller islands of the 
Archipelago are the Selung, a small tribe of strange, timid, wild 
beings, without fixed abode, living almost entirely in their boats. 
According to Captain Hill they a[)[)ear to be fleeced systematically 
by the Chinese, who send agents to them out into tho Archipelago 
to barter rice at exorbitant rates for the peaids, shells (which fetch 
very high ]jrices in China), bces-wax, mats, &c. which the Solung 
are able to supjdy. 

During the season 1881-82 two parties were engaged in the 
completion of the Eastern Frontier Series and the measurement of 
tho Mergui base, viz., that under Major Rogers (who had relieved 
Captain Hill), and the party under Colonel Branfill which in tlie 
previous year had been employed in completing the Eastern Sind 
Series. Diu’ing the first half of tho season these parties worked 
independently of each other; (Colonel Branfill’s in connecting 
the piuncipal triangulation with the base-line and executing the 
necessary preliminaries for theliiuiar measurement ; Major Rogers’s 
in extending the principal triangnlation southwards and making a 
reconnaissance of the islands of the Mergui archipelago, with a view 
to the future extension down to Singapon-. With the aid of the 
Indian Marine steamer “ Celerity,” by which communication was 
much expedited, tho most was made of the brief observing season — 
barely two months — and by the end of January all hands were 
engaged in the measurement of the Mergui base-line under Colonel 
Branfill. The base is only about 3’4 miles in length, or rather less 
than half the average length of the previous Indian hase-lines 
(that at Cape Comorin alone excepted) ; but suitable ground for a 
longer base could not be found*anywhere on the coasts or islands 
of the Archipelago. 
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The actual measurements and comparisons of the compensation 
bars with the standard of length occupied 24 days, and the 
value of the length of the base-line, as detei’mined by calculation 
» through the triaiigulation, which consists of a chain of polygonal 
figures nearly 1,000 miles in length, proved to be only 3’4 inches, 
or 1 inch per mile, in excess of the measured value. 

With a view to determine the heiglit of the base-line above the 
sea a line of spirit-levels was canned from one end down to the 
coast — where arrangements wore made for erecting a tidal 
station. Astronomical observations for the determination of the 
latitude and the azimuth were taken at four of the stations of 
the principal triangulation in the vicinity of the base-line, and the 
mean differences between these observations and the latitudes and 
azimuths goodetically computed from Kalianpur — Colonel Everest’s 
station of astronomical origin — were fi’2" in latitude and 11 ’2" in 
azimuth ; but t!je theoretical })robablo errors generated in the 
course of the triangulation between the origin at Kalianpur and the 
terminus at Mergui are less than ±1^' in latitude and ±3" in 
azimuth^ thus the.discropaucics between the observed astronomical 
and the deduced geodetic results at Mergui are probably duo mainly 
to the influence of local attractions in deflecting the plumb-line at 
the initial and terminal astronomical stations. 

* Latitude observations were also made at Moulmein by Major 
E-og6rB, and the same officer also inspected the working of the 
tide-gauges at Moulmein, Amherst, llangoon, Elephant point, and 
Port Blair, and thou proceeded to Poona to relieve Major Hill 
of the charge of the tidal and levelling party. Thus the super- 
vision of the calculations for the reductioTi of the principal 
triangulation and the astronomical observations mainly devolved 
on Colonel Branfill, who, having brought all the Avork to a satis- 
factory completion and handed it over to Mr. H('nnessoy, at the 
computing office of the great trigonometrical survey in Dehra Dun, 
proceeded to Europe on furlough. The triangulation parties were 
then broken up, most of the officers being transferred to topogra- 
phical surveys, while the native establishments were reduced and 
transferred to the new secondary triangulation party and the Nepal 
Boundary surve.y. 

The chain of principal triangles^known as the Eastern Frontier 
Series had thus been brought down from Assam through Arakan 



58 


GREAT TRIGONOMETRICAL SURVEY OF INDIA. 


aud British Burma into Tenassorim, and closed on ’to a base-line of 
verification in Mergni, near the southern extremity of the British 
territory oast of the Bay of Bengal. Thus the principal triangula- 
tion of all India had been completed on tho lines originally marked 
out by Colonel Everest and sanctioned by tho Honourable Court of 
Directors of the East India Company. A brief retrospect of the 
history of this great undertaking, epitomized from General Walker’s 
excellent account thereof, may bo here given. 

The Groat Trigonometrical Survey ' of India originated in a 
so-called “mathematical and geograjdiical survey,” which was 
commenced in Southern India, in tho year 1800, by Major Lambtou 
of II.M.’s 33rd Kcgiment of Foot, on the recommendation of the 
Honourable Colonel Wellesley, afterwards Duke of Wellington. Its 
object was, in Major Lambtoii’s ivords, to “ determine the exact 
“ positions of all the great objects that appeared best calculated 
“ to become permanent geographical marks, to be hereafter guides 
“ for facilitating a general suiwey of the peninsula ; ” and as at 
that time the elements of the figure of tho earth were not known 
with suflicient appro.ximatiou to enable the latitudes and longitudes 
of the “ great objects ” to be computed with accuracy from the data 
of the triangulation. Major Lambton pointed out that his intended 
survey would, in the interests “ of general science involve many 
“ more objects than that immediately appertain to ..geograjxliy,” 
and that portions of the triangulation would have to be executed 
with the utmost possible precision, and bo supplemented by astro- 
nomical determination of position, with a view to the requirements 
of geodesy. 

Between the year ISOO and 1825 the operations consisted of a 
network of triangulation over Southern India, grounded on, and 
verified by, several chain-measured base-lines, through tho middle 
of which a ])rincipal chain of triangles was carried in a meridional 
direction, from (^ape Comorin up to Sironj in Central India. This 
chain formed the southern portion of what is now known as Lambton 
aud Everest’s Great Arc. Its angles were measured with greater 
care than those of tho collateral network, and at certain of its 
stations astronomical observations of the latitude were taken for 
tho determination of the included minor arcs of amplitude. Colonel 
Lambton died in 1823, and was succeeded by Colonel Everest, who 
found no difficulty in obtaining caHe blanche from the Government 
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of India and tho Court of Directors for a neAV instrumental equip- 
inont, much superior to wliat had liitherto been employed. During 
his absence from India a small party of surveyors was engaged 
’in candying a longitudinal chain of triangles eastwards fi’cm tho 
point reached by the Groat Arc in Central India to Calcutta. 

On his return from Europe in 1830, Colonel Everest recommended 
tho abandonrnont of tho network system of triangulation, and the 
substitution instead of what he called tho “ gridiron ” system, 
consisting of meridional chains which were intended to bo constructed 
at intei’vals of about one degree apart, while the longitudinal chains 
would follow the parallels of Calcutta, Bombay, and Madi-as, and 
thus run at intervals of from five to six degrees apart. The external 
chains of the gridiron were to follow the British frontier lines and 
tho coast linos. The entire triangulation was to bo grounded on 
base-lines measured with the Colby apparatus of compensation bars 
and microscopes — in terms of a fixed standard of length — which 
were to supersede; the old ba.se-lines that had been measured with 
chains of comparatively rude construction and of uncertain length. 
This programme of operations was apju’oveil by tho Government of 
India and the Court of Directors, and it has furnished the guiding 
lines on which the principal triangulation has been executed dui’ing 
a period of almost exactly half a century. 

* For convenience of ti’eatment in the final reduction, tho whole 
of th’e chains 'situated within tho limits of India proper have been 
grouped into five sections. Four of these are roughly four-sided in 
outline and are respectively called the JVorth-East, North-West, 
South-East, and South-West Quadrilaterals, names in which the 
cardinal points have reference to the Kalianpur Observatory in 
Central India, which Colonel Everest adopted as tho origin of the 
operations subsequent to 1832. Tho fifth is three-sided, and is called 
the Southern Tiigon, and embrace the southern portion of tho 
peninsula, below the parallel of Madras. The North-East Quadri- 
lateral Avas completed first of all, and here it will be seeji, on I'efiu-ence 
to the Chart of the Ihincipal Thiaugtdalion, that the mei’idional 
chains of triangles lie at intervals of about one degree apart, as 
originally designed by Colonel Everest. But in the sections sub- 
sequently executed the intervals between the meridional chains were 
materially increased, as tho minor triangulations which in course 
of tkne came to be executed by the topographical surveys were of 
such accuracy that a smaller amount of principal triangulation was 
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found to suffice for all geographical requirements, and more was not 
wanted for geodetical requirements. An additional meridional chain 
might have been constructed on the meridian of 84° within the 
South-East Quadrilateral, and it doubtless would have been con- 
structed but that before it could be commenced a network of 
excellent topographical triangulation had been thrown over the entire 
area which is included between the collateral principal chains, 
and nothing more was wanted. Similarly in the Southern Trigon, 
the execution of a chain of principal triangles along the west coast 
from Cape Comorin to Mangalore was desirable for symmetry, 
co-ordinately with the chain on the east coast from Capo Comorin 
to Madras, but it was not wanted for geodesy. For geographical 
purposes the Malabar coast series of secondary triangles was amply 
sufficient. Tt had been mostly executed by Major liambton, and it 
stood connected with the modern operations. Major Lambton had 
not, however, attempted to throw his triangulation over tho broad 
bolt of plains on tho east coast, which is covered with trees and 
obstacles that he had no moans of surmounting. Thus a chain 
(<f principal triangles has been extended of late years over these 
])lains, and has furnished a base from which a branch chain of 
triangles has been carried across tho Paumben straits to the 
f>dand of Ceylon, in order to connect the surveys of India and 
(^eylon. 

For geodetic purposes the amount of principal triangulation 
which has been executed has been pronounced to be ample. Tho 
lirst measurement of the sections of the Great Arc between Cape 
( bmorin and Sironj was accomplished with instruments far inferior 
in accuracy to those with which the liberality of the Court of 
Directors furnished Colonel Everest in subsequent years, and being 
d.eracd of insufficient accuracy for geodetic requirements, its revi- 
s On v/as directed to be undertaken as soon as might bo consistent 
w'.th the need of triangulation for geographical purposes in other 
j) irts of India. Tho northern section, from Sironj down to Bidar, 
was indeed revised under Colonel Everest’s superintendence in 
1 S38-39, but the revision of the southern sections — Bidar, 
Bangalore, Cape Comorin — was postponed for several years, and 
was eventually accomplished during 1869-74. 

The longitudinal series, from Sironj to Calcutta, was also revised, 
as it was originally executed with very inferior instrumental 
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means, and it Laifpens to be the most important of all the great 
chains of triangles, because it furnishes bases for no less than 
• 14 meridional chains lying to its north and south. Partial I'evisions 
,have been made in other quarters of work executed with inferior 
instruments, which it was deemed necessary to raise to a higher 
standard of accuracy. Outside the limits of India jiroper the more 
recently completed chain of triangles called the Eastern Frontier 
Series is a valuable contribution to geodesy as well as geography. 

The whole of the triangulation rests on ten base-lines which have 
been measured with the Colby appai’atus of compensation bars and 
microscopes, which was constructed in England under Colonel 
Everest’s superintendence. The relations of the length of the 
Indian standard to the principal European standards of length have 
been very (jxactly detormiuod. Considerations of symmetry would 
suggest the introduction of an additional base-line near Bombay, 
on the same ])arallel as the Bidar and Vizagapatam base-lines, and 
measured witli the same apparatus. But it so happened that a 
chain base-line had been measured on the Karleh plain, near 
Bombay j in the year 1828, l)y Captain Shortrede, tlie Calculated 
value of which, through the longitudinal series from the Bidar 
base-line, agrees very closely wdth the measured value. It was 
commended by Colonel Even^st, who, however, some years after- 
wards, in 1848, made preliminary arrangements for the measurement 
of another line in the neighbourhood with the Colby apparatus, but 
ho did not cany out this project. Eventually the idea was 
al)andono(l, as the distance from the Bidar base is comparatively 
small, and no material advantage at all commensurate Avith the 
labour and expense would be derived frojii the moasurenient of a 
new base ; for to measure a base-line with the Colby apparatus 
occupies two full-strength trigonometrical parties for an entire field 
season, unless there ha])pcns to be otlum employment for the survey 
officers in the neighbourhood of the base. There is some uncertainty 
as regards the unit of length adopted by Captain Rhortrede in 
measuring the Karlell base, consequently this base has not been 
employed in the final reductions, though no new base has been 
measured. 

Thus the great Avork of the principal triangulation of India 
became an accomplished fact. Commenced in 1800, under the 
auspices of tho Madras Covornmeut, it was carried on by Major 
Lam\)ton, almost single-handed, until the year 1818, when the 
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Marquis of Ifastings, who was then Governor- General, placed it 
under tlie direct and immediate control of the Supremo Government. 
Captain Everest was shortly afterwards appointed assistant to 
Major Lambton. In 1832 additional officers were appointed, and 
by the year 1840, when the geodetic operations on the northern 
sections of the Great Arc wore completed, the 'jjermyind sufficed 
for the equipment of six trigonometrical survey parties, and this 
number of jiartios Avas uniformly maintained from that time 
onwards, until it could be gradually diminished on the completion 
of the successive chains of triangles. The operations have been 
uniformly and consistently sup[)orted by the Hupreme Government, 
with the sanction and approval, first of the Honourable Court of 
Directors of the East India (Company, and afterwards of the 
Secretary of State for India. In times of war and financial 
embarrassment the sco})e of the oi)erations has been curtailed and 
establishments have been reducc'd, and soiik' of the military officers 
sent to join the armies in the field ; occasionally the civilians also 
have been sent to the scat of Avar, to be employed on survey duties. 
But Avhatcver the crisis, the operations liave never been wholly 
suspended. Even during the troubles of 1857-58 they were 
carried on in some districts though arrested in others. They have 
been uninfluenced by changes of pcmmia?/ in tlu'. administration of 
tlie British Indian Empire, each succeeding Gov('rnor-General or 
Viceroy haAdng honoured them with his support. At the close of the 
mutinies, Loi'd Canning Avrote as folloAvs of the princi]>al tinangu- 
lation and collateral topography in Kashmir to Colonel Waugh, 
then Siu’veyoi’-Geueral of India : — 

“i cannet resist telling you jit once witli how inucli satisfaclion I luivc sihmi those 
pnpcTS. Jt is a pleasure to turn from th(‘ troubles and .‘inxii tit's with which India is 
still heset, and to iind that n gigantic work of perniumnit pencefnl uselulncss, nnd oiui 
which will iissurcdly tnkc the highest rank us u work of scientific labour tund skill, 
has been steadily and rapidly progr()ssing ihrough all tlu^ turmoil of the last two 
years.’* 

and up to the last moment, the successive Government have 
accorded their support to the operations with equal liberality and 
constancy. It may well be doubted wbelhcr any similar under- 
taking, executed in any other part of the world, has been equally 
favoured and supported. 

The field operations, viz., the measurements of the base-lines and 
angles of the principal triaugulation, being completed, the hext 
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step was the final rodnction and harmonising' of the results, giving 
to each measui’ement and observation its proper weight, and 
nothing more or loss. Stricdy speaking, this undertaking should 
jhave been postponed until the com])letion of the whole of the 
operations, and then all the ubsorvations should bo reduced 
simultaneously, because every fact of observation is more or less 
dependent on, and connected ivith, every other fact. But the 
simultaneous reduction of the vast number of such fa, cl s accpiired over 
all India, by many individuals and diu'ing ii period of many yoai’S, 
was obviously im})ossible. Thus it became nece.s, '•ary to divides the 
ti'i angulation of India proper info five sections, and oven then the 
simultaneous reduction of the numerous facts of observation 
collected together iir each grouj) was a Avork of enormous labour, 
necessitating, as remarked by Colonel Clarke, C.B., of the Ordnanct' 
Survey, one of the most eminent of living geodesists, in his recent 
treatise on geodesy, “ the most elaborate calQulations that have 
“ ever been undertaken for the reduction of triangnlalion.” ^The 
division of the Avork into sections necessitated the maintenance of 
the results determined for the sections first reduced in the 
contiguous sections, Avhen they, in turn, came to be reduced and 
this necessitated commencement with the section, Avhich in all its 
])arts Avas of the liighest accuracy. The section of Avhich the field 
AVjork was first completed Avas the Nortli-east (Quadrilateral, but as 
many of its angles had been measured with instruments of inferior 
accuracy to those employed in the sections Avhich Avere subsi'cjuently 
completed, the reductions Aver(' performed in tlu' folloAving order: — 
first, the North-AvestQuadrilatei'al ; secondly, tlu' South’ east (Quadri- 
lateral; and thirdly, the North-east (Quadrilateral. The reductions 
were commenced in the year ]8(Ib; the final I'esults of the first 
section are given in Volumes II., III., and IV. of the Account of 
the 0])('rations of the Great Trigonometrical Survey, published in 
1879; those of the second in Volume VI., ]mblished in 1880; and 
those of the third in Volumes VII. and VIII. ^'ho fourth section 
selected for treatment was the Southern Trigon. 

The stations of the principal triangulation Avere o,6()5 in number 
in 1885. They have been constructed with a view to being as lasting 
and permanent as possible. Gn the plains they take the form of 
towers rising from 20 to 40, and even 60 feet above the ground 
lovely and usually about 16 feet square at base, with an isolated 
central jiillar — always of masonry — for the instruments to rest on. 
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On hills and mounds the central pillar is raised two to four feet above 
the ground level, and is surrounded with a platform of earth and 
stones. Mark-stones engraved with a dot and surrounding circle to 
define with precision the point to which the observations are 
referred, are inserted on tlio surface and at the base of each pillar. 
The stations are invariably placed under the protection of tho local 
officials ; they are scattered over 33S British districts and Native 
states, in each of which some officer is required to submit annual 
reports of the condition of tho whole of the stations within its 
circle; repairs are effected whenever necessary. If tho present 
system of protection and repairs is maintained by future generations 
of officials, the duration of tho stations should bo coeval with tliat 
of the hills and plains on which they stand, and the great work now 
completed will bo of lasting utility. 

A considerable amount of secondary triangulatiou has been 
executed pan passu Avith the principal triangulation, ])artly by 
observations from tiio principal stations to all the most prominent 
objects visible from them, as the snowy peaks of the Himalayan 
range, and partly by the construction of chains of secondary triangles 
resting on the primary chains, such as have boon carried to a number 
of important toAvns and cities within tho limits of the Empire, and of 
late years beyond those limits, to Kandahar and Khelat on the one 
side, and to Bangkok on tlio other. Much secondary triangulation, 
however, still remains to bo executed. Until recently it was wanted 
on the coast lines to furnish fixed points for tho marine surveys, 
and in localities in the interior at a distance frojii the nearest prin- 
cipal chains, Avhere data may bo required for toi)ographical surveys. 
But it 18 chiefly wanted outside the limits of India proper, as for 
the extension of the Eastern Frontier Series through the Malayan 
peninsula down to Singapore, and to furnish a basis for the 
geography of Upper Burma. For tho latter purpose three chains 
on the meridians of 94°, 96°, and 98° respectively are de.-irablo, the 
two first of which would close on the chain of secondary triangula- 
tion already completed in tho Assam valley, while the third might 
bo carried still further to the north. Bangkok, the capital of Siam, 
having already been connected with the Indian triangulation by a 
chain of triangles, which was recently executed Avith the support of 
the Siamese Government. 

The requirements of geodesy necessitate astronomical observations 
for the determination of the latitude and the azimuth, and erectro 
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teloj^rapbic observations for the determination of differential longi- 
tudes, at several of the stations of the principal triangnlation. These 
Jiavo already been completed to a considerable extent. Further 
operations pf this nature are in progress ; they are carried out by 
the two small astronomical parties •which are attached to the trigono- 
metrical or geodetic branch of the Department, and by which all the 
operations that are required to render the ]n’incipal triangulation 
fully subservient to geodetic science should be completed in the 
course of time. An extensivo series of pendulum observations for 
investigations of variations of gravity and the figure of the earth, 
taken chiefly at stations of the principal triangulation, has been 
completed and connected with the groups of corres])onding observa- 
tions in other parts of the globe. Long lines of spirit-levels have 
been carried on in connexion with the principal triangulation, from 
the sea to the base-lines in the interior, and from sea to sea across 
the j)eniusula ; they rest on determinations of the mean sea-level 
which have been made at the tidal stations on the coasts.* 

On the conclusion of the measurement of the Mergui base-line. 
Ml’. J. McGill and Mr. C. D. Potter were doiiutod in 1882-3 to carry 
a chain of secondary triangnlation along the oast coast, chiefly for 
the purpose of setting up beacons for the use of tho marine surveys. 
These operations extended between Ichapnr, in Ganjam, to the town 
of'Pooree, the seat of the Jaganath temple. Tho country is generally 
well ■jKipnlated and ])rosp('rous, including seaports and largo towns, 
but subject to uidiealthy malarious inflinmces. Tho Chilka lake 
fell Avithin the area of the Avork ; it is a A^ast sheet of salt water, 
covering 350 square mih'S, Avith numerous islands, and fed by 
freshets of the Mahanadi I’iver and numerous small streams dtisccuding 
from the Eastern Ghats ; it has one outlet into the sea by a small 
breach in the said ridge, and a canal connects with the port of 
Ganjam. During 1883-84 the mea,surements Avere carried northward 
along tho coast of Orissa from Pooree to Balasor by Mr. A. D’Souza, 
and the opportunity Avas taken to look up the old stations of Major 
Saxton and Captain Dopree’s survey in 1858-59. In 1884-85 
Mr. D’Souza worked southwards, and carried the old triangulatinn of 
the Madras Coast Series, which had stop^ied at Coringa, to the mouth 
of the Godavari. Some interesting notes on the jirincipal coast 
toAvns and rivers of the Ganjam, Vi/.agapatam, and Godavari 
districts accompany his report on the operations. The following 
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* From the Surveyor General’s Report for 1881-82. 
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seasons sa'w the operations advance both northwards and southwards, 
and in 1887-88 the entire coast triangulatiou from False Point to 
Point Calimere, in the Tanjore district, was completed. Mr. Ryall, 
who had assumed charge in 1885-86, had hoped to close his work on 
to the station of the Negapatam Minor Series, but these were found 
to be so inconveniently situated and so hemmed in by gardens and 
trees, that a carefully executed traverse, 60 miles in length, was 
executed, and a junction effected with stations of the Great 
Trigonometrical Survey. 

The triangulation along the Madras coast having been thus 
completed in 1887-88, the following year saw the party transferred 
to Lower Burma for the purpose of carrying out similar work there 
and fixing artificial beacons, as well as natural landmarks, at con- 
venient intervals within sight of the sea for the Marine Surveyors 
to base their work upon. One hundred" and fifty-seven miles of 
triaugulation of this description were completed in 1 888-89, reaching 
from Cape Negrais to Sandoway, and about 170 miles in the 
following season, A commencement was also made of the principal 
triangulation for Upper Burma on the meridian of 97°. The series 
emanated from a side of the Eastern Frontier Series near Toungoo, 
and is destined to proceed northwards as far as Mandalay in the first 
instance. Owing to climatic and other difficulties, the progress 
during the past season w&s limited to the selection of two figuses 
and the building of the observing stations at the angles, but the 
work was carried for 50 miles further in 1889-90, and six new 
principal stations were fixed. For the Marine Surveys, 35 points 
were fixed during the same year along a distance of 170 miles 
from Kutabdia light-house off the coast of Chittagong, Bengal, 
to Akyab, in Burma. 

The series of secondary triangles emanating from the Great 
Indus Series and running along the parallel of 30° N. latitude, 
which had been commenced in the previous year to furnish a basis 
for future work in Baluchistan was continued for a direct distance 
of 115 miles to Quetta, Observations at four stations still remained 
to carry the series to the Khwaja Amran range. 

In this province and in the other new province of Upper Burma 
a large field still awaits the exertions of the Indian triangulation 
parties. 
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The Topographical and Revenue Surveys serve to furni'^h the 
details required for filling up the outline supplied by the fixed points 
of the triaugulation, the former being confined maiidy to the Native 
States, and non-regulation British districts, of small importance from 
a revenue point of view, while the Revenue Surveys deal with the 
more productive and valuable tracts. As has been appropriately said, 
it is their function to supply flesh and blood to the skeleton provided 
by the triangulators. But while the Trigonometrical Survey has 
had to be^ conducted regularly throughout on a fixed plan, both the 
Topographical and Revenue operations have to bo taken up on 
varying scales to suit local I’equirements and conditions. The 
standard scale of the Topographical Survey is 1 inch to tho mile, 
but where the work has to be executed very quickly the scale is 
reduced to ^ or to of an inch to the mile, as in trans-frontier 
regions ; on tho other hand, in British territory it is sometimes 
increased to 2 inches, and generally to 4 inches for Forest Surveys. 
The Revenue Surveys are on scales of 4, 1(5, and 32 inches to the 
mile, and sometimes larger scales. These two classes of operations 
have covered the greater portion of the expanse of British India 
and tho Native States, which have thus been, or are being, practically 
mapped out on tho scale and in the manner most appropriate to 
the general purposes of administration. The accuracy of the 
work has necessarily varied greatly according to circumstances. 
Some of the earlier topographical surveys partook more of the 
nature of rough and hasty geographical reconnaissances, but the 
more recent surveys have been carried out on more rigorous 
principles, and with greater regard for completeness and precision. 
Since the close of the Punjab war in 1847, and the publication 
of the “ Manual of Surveying for India ” a few years later, by 
Captains Smyth and Thuillier, there has been an ever-increasing 
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efficiency in the metliods and procedure of the surveys, and in the 
completeness and trustworthiness of the resulting maps. 

At the close of the period dealt with in the last edition of the 
“ Memoir,” the primary topography of the larger part of India^ 
as shown by the index map attached to General Thuillier’s topo- 
graphical report, had been completed, the most conspicuous blanks 
still remaining being the western half of Kajputana, the greater part 
of the North-West Provinces, theKonkans, and nearly all the Madras 
Presidency. The old maps of nearly all these regions had supplied 
material for published sheets of the Indian Atlas on the scale of 
four miles to the inch, but much of it was incomplete and unsatis- 
factory, and the re-survey and re-engraving of the less-accurately 
mapped tracts have consequently had to be taken up as financial and 
other considerations permitted. The most recent index map of the 
Indian Atlas shows that the Punjab, Sind, the Berars, part of 
Kajpuban.a, most of the western and southern portion of the Bombay 
Presidency, Haidarabad, and nearly all Southern India, as well as the 
North-West and Lower Provinces, must be re-engraved before the 
Indian Atlas sheets exhibiting those regions can be held tq be up to 
the level of accuracy befitting the standard map of India. And as 
in many of these tracts fresh and better surveys must ])recede the 
preparation of fresh plates, it is clear that there is abundance of 
employment still awaiting the Indian Topographical and Revenue 
Survey parties. 

During the season 1876-77 nine separate parties of the Topo- 
graphical Survey Avero at work in different parts of India. The 
area allotted to the operations of the GAvalior and Central India 
Survey covers an extensive portion of country east and south 
of the Bajputana desert. One of its principal duties in 1876-77 
was the construction of large scale surveys of the fortress of 
Gwalior, the cantonments of Morar, the native city, and the Resi- 
dency lands and surrounding country for the military authorities. 
These were superintended by Captain Charles Strahan, R.E., chief 
of the party, while Lieutenant J. R. Hobday carried on the ono-inch 
work towards the west in the Native States Udaipur, Dungarpur, 
and Tonk in the Eajputana Agency. Part of Captain Strahan’s 
operations lay near the great water-parting of the rivers draining 
east into the Bay of Bengal and those flowing into the Gulf of 
Cambay on the west, and the difference here observable is most 
remarkable, the north-east portion being very flat and quite open, 
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with several large towns and villages and fairly well cultivated ; it 
forms part of the plateau of Iia,jputana, and is on the average about 
*1,600 feet above the sea ; while, after crossing the water-shed the 
ehange is quite abrupt : the ground is intersected by watercourses 
which gradually deepen into narrow valleys, and the general fall of 
the face of the country shows a drop of 950 feet. 

In 1877-78 the work of the party lay in the vicinity of Udaipur 
and east of the Aravalli mountains, a region part of wliich is inha- 
bited by the notorious Bhils.* Lieutenant Hobday penetrated into 
one “ pal ” or settlement (liter. “ the orabankment of a tank ”), where 
no one except Captain Conolly of the Bl\il Corps had over dared to 
venture. lie, however, trusted the ])ooi)le, and was well received. 
The Bhil Corps a])pears from the accounts of Captain Htrahan and 
his assistants to bo doing excellent work among the wild denizens of 
these parts. Before the organization of the corps, the Bhils trusted 
no one, looked on all intruders as enemies, and were so incredulous 
of the good faith of the British that they had to be paid daily, 
simply because they co\dd not believe that if they remained they 
would really receive their ])ay at the eiid of the month. Now there 
are always a number of young men waiting for vacancies to be 
enlisted in the regiment. Desertion is still frequent, but this is 
partly due to their love of home and the distances to be traversed, 
it*boiug no uucomnion thing for a sepoy to Avalk 15 or 20 miles to 
his hdine after his day’s Avork and be back in time for parade in the 
morning. A great deal of topographical information respecting 
this country Avas amassed by Caj)tain Htraban, including a detailed 
description of the great fort of Chitorgarh.f 

During this season the party Avas deprived of ono of its most 
highly valued members by tho death of Mr. 11. J. Bolst, who suc- 
cumbed to ty])hoid fever after a long illness. He had been 27 years 
in the Department, 17 years of which bad been spent in this party, 
Avhere he had rendered most useful service. 

Tho programme for 1878-79 involA’od a partial diversion from tho 
ordinary work, and included a survey of tho I’achpadra salt fields 
(described by Captahi C. Strahan in the appeiAdix) on the 4-inch scale, 
and of the land adjoining the Luni Kiver on the i-inch scale, both 

* Some intercsliiig details respecting tho IJIiils by Sub-surveyor Abdul Sobhan will 
be found at page 43 of the 'ro[)Ograpbical Survey Keport for 1876-77. 

f./Sw page 101, ct set/., of Surveyor General’s lloport for 1B77-78. Also pages 41 
and 42 of Topographical Survey Kej)ort for 1876-77. 
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being in the Jodhpur State, for the requirements of the Indian 
Customs Department. The regular work of the party consisted of a 
detail survey of the city of Udaipur* and environs on the 12-inch 
scale, and detail survey of the neighbouring district on the l-inch 
scale. A comparatively small out-turn of work was effected in the 
following season, but this was mainly due to the intricate character 
of the ground, which was likened by Major B. H. Steel (who took 
charge during absence on furlough of Captain Stralian) to “ a petrified 
stormy sea.” The ground to the north, whither the operations were 
moved in 1880-81, proved still more intricate and difficult, and the 
attitude of the Bhils was very threatening, insomuch so that 
Mr. Templeton, one of the surveyors, was warned not to return to 
one of the Bhil villages if ho valued his life. In 1881-82 the 
region about Mount Abu fell within the area of trianguhition, while 
the topograjjhy ranged over tho three Rajput States of Marwur, 
Mewar, and Sirohi. The transfer of No. 7 topographical party from 
Rajputana to Burma led to its uncompleted ground being allotted to 
No. 1 party, which in consequence assumed tho designation of tho 
Central India and the Rajputana Survey party. In the three years 
1882-85 portions of the country south-west of Erinpura as well as 
of tho desert west of Bikanir and parts of the Sirohi, Palanpur, 
and Jodhpur States were mapped in detail, as well as special 
surveys of the Sunda and Dorra ranges of hills, and large scale 
surveys of Ajmere, Jaipur, Amor or Amber. In 1885-86 the 
triangulation was carried down to tho margin of the Rann of Cutch 
mentioned below (see p. 85), while the detail survey was carried on 
in portions of Jodhpur and tracts adjacent to tho Luni river. But 
at the close of that season the Rajputana party was ordered to be 
transferred to Baluchistan, so a large tract of this important province 
of British India remains unsurveyed, with no definite arrangements 
for its completion. The number of standard sheets unsurveyed are 
fifty out of a total of ninety-seven, covering nearly all the western 
half of the province. 

The Khandesh and Bombay Native States Survey worked in two 
detachments in 1876-77, one being employed on the ordinary one- 
inch scale in tho Native hilly states north of the Narbada, and the 
second, under Mr. H. Horst, the officer in charge, on the more 

♦ A good description of the city will be found from the pen of Lieutenagt E* 
Hobday at pages 4? apd 4*'^ of the Topographical Survey Report for 1875-76. 
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important two-inch survey of the revenue-paying portion of the 
plains of Khandesh. While surveying in the Tapti valley, 
“Mr. Graham, Assistant Surveyor, witnessed some extraordinary 
examples of “ sorcery ” among the Bhils, such as walking through 
and treading on live coals barefoot without sustaining the slightest 
apparent injury.* Mr. Horst was assured it was a common practice, 
and frequently adopted by village jiuvchayeis as an ordeal in trials for 
theft and murder. The work was continued during the two following 
seasons, the plane-tabling including part of the W ostern Satpuras and 
the valley of the Tapti. Great obstacles were encountered by the 
surveyors, partly from the high and rugged character of the hills, 
but chiefly from the difficulty in getting supplies and the general 
inhospitable nature of the country. The only water available for 
drinking was of the most unwholesome description, to which may 
be attributed the constant attacks of fever to which the assistants avIio 
surveyed the worst parts were subjected. Tho culminating portion 
of the Satpura range “ A stamba,” 4,840 feet above soa-level, came 
into tho season’s work. About 9(X) square mih'.s on tho two inch 
scale were surveyed between the town of Dhulia and tho Tapti 
river, this tract consisting mainly of undulating revenue-paying 
districts. An attempt Avas made, on the Avhole successfully, to 
incorporate the village boundaries iroin tho Bombay llovonuo 
Silrvey maps. Caj»tain W. •! . Heaviside, Avho took charge of tho 
party’in 1879-SO, furnishes some picturesque descriptions of the trap 
formation of the Deccan, Avhich in Khandesh assumes the form of 
grand black precipices surmounted by massive basaltic columns 
rising to three or four thousand feet above sea-level. Two con- 
spicuous basaltic hills, knoAvn as Mangya Tangya, on a spur of tho 
Sahyadri hills, are of remarkable appearance, resembling monoliths 
rising from pyramidical bases, in Avhich numerous steps have boon 
cut. Some Buddhist temples, hewn out of the solid rock, are also to 
bo seen here. The following season saw tho detail survey carried 
forward in the south-western portion of the area allotted to the 
party, where it abuts on Bcrar and the Nizam’s dominions. The 
inhabitants of this pari mostly speak Mahrati, and are rather addicted 
to drink and theatricals, which latter entertainment affords a means 
of support to a class of strolling actors. 

The Khandesh and Bombay Native States Survey was finally 
brought to a conclusion by Idajor 1. T. Garter in 18S2— 83. It had 

• See page 47 of Topqgraphical Survey Report for 1876-77. 
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been started in 1871, and comprised an area of 18,133 squai’o miles, 
including Khandesb and some of its outlying villages in the Nizam’s 
territory. Of the total area about 10,532 square miles have been 
surveyed and published on the one-inch scale, and the remaining 
7,601 square miles have been surveyed on the two-inch scale, but 
published on the one-inch scale. The first-named part comprises the 
rugged and hilly tracts lying between the Tapti and Narbada 
rivers, forming portion of the Hatpura range and the tract of country 
lying above the Ghats of the Satmala hills ; that surveyed on the 
two-inch scale consists of the alluvial valleys of the Tapti river and 
its ti’ibutaries, where the country is richer and productive. In these 
parts the valleys are numerous, well cultivated, and connected by 
good roads, and the Gr«!at Indian Peninsula llailway traverses it 
from south-west to north-east. 

The Bhopal and Malwa Survey party was originally organized in 
1862 for the survey of Bewa and Bundelkliand,- and on the 
completion of that work was transferred in 1871 to Bhopal and 
Malwa, to deal with all the country north of the Narbada river in 
the Central India and Rajputana Agencies between the purallels of 
22° 15' and 24°, and bounded on the east by Saugor and on the 
west by Mahi Kanta and Rewa Kantha. Tlie survey lies inter- 
mediate between the operations of the Gwalior and Central India 
party to the north and the Khaudesh and Bombay Native Htatos 
party to the south. Up to 1877 tho out-turn of to])ograimy in 
Bhopal and Malwa had been a little over 16,000 square miles. The 
work of 1876-77 saw the practical completion of the topography 
of the Vindhya range, which runs generally east and west through 
the area of the survey. Between the tow)is of Dhar and Amjhera 
there runs a low ridge extending noi*tliward some .30 miles, and tho 
point where this ridge issues from the Vindhya range is the water- 
shed* of three of the river-systems of India, viz., 1st, the Narbada, 
which lies to tho southward and flows we.stward into the Gulf of 
Cambay, 2nd, the Mahi, which rises to the north-west and discharges 
into the same gulf after a circuitous course, and, 3rd, the Chainbal 
and Chamli rivers, which, rising to north-east, unite near Baniagar 
and join the Jumna. During 1877-78 fever prevailed in almost 
every camp, but a fair out-turn of work was nevertheless attained, 
while in the following season large scale surveys of Indore and 

* The height of the water-shed is apparently 1,883 feet. Sec Captain Wilnicr’s 
Narrative, Surveyor- General’s Report for 1878-70, page 13 of Appendix. 
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Dewas were completed in addition to the ordinary mapping. Tlio 
greater part of the ground covered by tlie surveyors of this party 
•proved tedious and intricate to the plane-tablers. Major J. 11. 
.Wilmer, who was in charge, mentions a ])Oculiar custom that the 
Bhils have here of branding their male children on tho ax’ms above 
the wrist with burning cotton dipped in oil, so as to enable them 
to be identified as true Bhils. This custom appears to have been 
unknown to previous writers. At the close of tho season 1881-82 it 
was arranged tliat tho bulk of this party should bo transferred to tho 
Mirzapur district, while tho few remaining sheets of the Malwa 
survey were entrusted to tho Khandesh and Bombay Native States 
(No. 2) party, who had completed their Avork in tho soasoii 1882-83, 
and assumed in consequence the designation of the Blioi)al and INtalwa 
Survey party. Tlie latter work was brought to a termination in 
1884-85, the entire out-turn of tho 15 seasons having amounted to 
29,202 squai’e miles, comprising 59 standard shoots, all surveyed on 
tho one-inch scale. In addition, largo scale surveys were made and 
mapped of 13 ciiios and cantonments, representing an area of 
127 squa^-e miles. Tho survey had been commoncod in 1870-71 by 
Major Eiddell, R.E., and carried on by that officer till 1873-74, 
when the charge of the party devolved on Lieutenant-Colonel 
Wilmer, by whom tho work was continued till 1882-83, when tho 
party was transferred to Mirzapur. Tho lato Khandesh (aftorward.s 
re-na«nod the Malwa) party, under Major Carter, R.E., tlien resumed 
this work and did a full season’s area in 1883-84, and in the 
following season the charge of the sinwey was entrusted to 
Mr. Patterson, by Avhoin the work was brouglit to a conqdotion. 
While working in tho Udaipur State sojne sensational stoi’ies were 
circulated respecting the poles erected as signals to mark tho trigono- 
metrical stations, which the natives wore convinced were intended for 
tho immolation of tho men and women. Another rumour circulated 
was that the survey party had come to weigh all tho married men 
and women, and that of those found of unc(|ual weight there would bo 
a redistribution, thus disturbing their marriage ties. The U<laipur 
Durbar, in consequence of these rumours, desired the survey party 
to retire as soon as possible, but Mr. Patterson took the occasion to 
invite tho Bhils to tho camp and encouraged them to dance and 
sing and shoot at a target Avith their bows and arroAvs, afterwards 
dismissing them with douceurs. A description by Mr. G. P, Tate 
of the town of Bhinmal and sun-ounding country will be found 
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in the Appendix to the Report of the Surveyor-General for 1884-85, 
page XXX. 

Central Provinces, ^c . — Turning now to the operations which had 
been progressing in the east of the Peninsula, we find that the season, 
1876-77 was signalised by the completion of the Central Provinces 
and Vizagapatam Agency Survey, embracing altogether 72,144 
square miles. The difficulty and unhealthiness of work in this 
region had been almost proverbial from its commencement, and its 
successful termination was a matter of genuine congratulation ; 
the previous operations wore mainly associated with the name of 
Colonel Saxton, who is frequently mentioned in the “ Memoir ” : 
to Captain Holdich belonged the credit of completing the work, 
though this was not done without much cost and suffering to all 
the members of the party, some of whom were so prostrated 
by jungle fever that they were with difficulty removed from the 
field on the conclusion of the wmk. The characteristic features of 
the country whore the concluding operations lay wore extensive 
plateaux of from 1,800 to 2,000 feet above sea-level, surmounted by 
masses of flat-topped hills. These high lands are a continuation 
of the great plateau system of Central India, which decreasing in 
elevation by a succession of steppes finally breaks to the west 
into the low-lying plains forming the basin of the Godavari. The 
geological structure of this part of the country is mixed, being 
composed of trap and varieties of sandstone and slate ; the first 
occurs in the higher flat masses, while the two latter predominate 
in the lower hills, and are distinctly separate one from another, a 
circumstance producing bold, rugged, and ever-changing scenery, 
but always the same endless monotony of forest from the plains 
to the highest peaks. The Pertabpur taluk on the right bank of 
the Kotri abounds in tigers, and sometimes whole villages are 
deserted through their depredations. 

Another survey also brought to a conclusion in the same season 
was that of No. 4 party, N.E. Division, Central Provinces Survey, 
which had originally been organized by Colonel De Pr^e in 1856, 
and during the 22 years of its existence had triangulated and 
mapped on the one-inch scale a tract of country extending from the 
Bay of Bengal at Balasor to a point nine miles east of Jabalpur. 
This tract extends over nine degrees of longitude, and on an 
average two degrees of latitude, and its area amounts to nearly 
25,000 square miles. The difficulties overcome here were of no 
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ordinary nature, for the country is a continuation of the Vindhya 
range, whicli crosses India from Bombay on tlio west towards 
’ Calcutta on tbe east and then turns southwards to Madras, forming 
•everywhere the water-shed between the great river-system draining 
into the Bay of Bengal, and that towards the west into the Indian 
Ocean. The land is almost entirely a series of i)lateaux of one uniform 
height between 2,000 and 3,000 feet above sea-level, and of a wild, 
hilly, and inaccessible character, destitute of roads, and inhabited 
by an original population of Kols and Gonds, as well as minor 
tribes. In addition to the ordinary survey, 11 Government reserved 
forests wore mapped on the four-inch scale. Al])habotical lists were 
compiled of each Stale, the areas computed, the houses counted, 
and the whole arranged in a compendious form as a gazetteer for 
each of the standard sheets. The Chota Nagpur Division of the 
Central Provinces covers 75 sheets, of 30' longitude by 15' of lati- 
tude, and the North-Eastern Division, 42 sheets. 

Assam .. — The desultory and detached nature of the frontier surveys 
and explorations on which the Khasia, Garo and Naga Bills party 
(No. d) had been for some years engaged, necessitated its being 
broken in 1876-77 into three distinct sections or detachments. 
Major Badglcy, the officer in charge of the party, undertook the 
revision of certain work in the vicinity of Shillong ; Lioutonant 
R. Q. Woodthorpe, R.E., and Mr. M. J. Ogle were detached to 
explore a wild part of the Lakhimpur district at the extreme head 
of the Assam valley, south-east of Sadiya, and close to the Burma 
frontier ; whih; the other two assistants were deputed on the Khasi, 
Kamrup, and Garo Boundary Survey. Under these circumstances 
the cost of the work was necessarily higher than usual, Avhile dense 
forest, swamps, want of good drinking water, venomous insects, 
and fever seriously impeded the progress of Lieutenant Woodthorpe 
and Mr. Ogle’s work. Both these officers contributed some in- 
teresting descriptions of the country and of the manners and 
customs of the Singphos, Kamtis, Nagas, and other tribes met 
with. 

The next season (1877-78) saw Major Badgloy again engaged 
in the revision of the survey work between Gauhati and Shillong, 
(which had been done under iinfavourable circumstances, necessitating 
a re-pxamination of the ground), and also in triangulation in Sylhet, 
where the swampy and malarious character of the place, and the 
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cowardly and malignant behaviour of the inhabitants, whom Major 
Badgloy found to be a particularly obnoxious and untrustworthy 
lot, proved awkward obstacles to progress. 

Lieutenant Woodthorpe was deputed with an assistant in tha 
first instance to accompany Lieutenant Harman to the Miri hills, 
as already mentioned on page 52. On his return, Lieutenant Wood- 
thorpe proceeded to Sadiya, and without waiting for his Mishmi 
carriers, who had failed to put in an appcsarance, ho ascended a 
range of hills rising about 9,000 feet high, and overlooking the main 
valley of the Dibong, and succeeded in acquiring the following ; — 
(1) a fairly accurate knowledge of the sources of the Dibong, and 
the course of its main stream in the hills ; (2) an accurate know- 
ledge of its course in the plains, and of about 1,000 square miles 
of the hills bordering it; and (3) an appi’oximate knowledge of an 
additional 1,100 square miles in the hills. The Dikrang, Diphu, 
and Digaru rivers were also mapped. 

This party had been engaged for several years in surveying the 
hills south of the Brahmaputra river, the greater portion on the 
half-inch scale, when in 1878 Major Badgley was instructed to 
undertake a full topographical survey on the larger scale of 
two inches to the mile of all the land on the south of the Sylhet 
district loft unsurveyed by the Kevenuo Survey, and afterwards 
to make a detailed survey of the boundaries of tea grants and 
estates. The want of accurate surveys was believed to bo costing 
Government heavily in fraudulent zemiiidari claims. With the 
assistance of some surveyors lent from the Revenue Survey Branch 
this work Avas taken in hand. Much difficulty was experienced in 
triangulating, the stations being in most cases ])latforms supported 
by bamboo scaffolding round trees, the tops of which were cut oft' 
and the levelled stump used as a stand for the theodolite. Great 
care had to be taken not to touch the tree, as once set swaying it 
took some time to come to rest, and the wind for the same reason 
sometimes put a stop to observations. Major Badgley says of tho 
Tipperahs that they are active fellows, and excellent hands at 
jungle cutting, but their fondness for burning tho forests makes 
them undesirable cultivators. The Manipuris he describes as 
pleasant-spoken, independent, and good hands at a bargain, but 
in matters concerning land as often victimised by the Sylhetias, who 
are strong, cowardly, morose, and quite uncompromising in their 
hatred of Europeans. 
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During 1879-80 and 1880-81 Major Badgley found it very 
difficult to get coolies, wliile work was further retarded by the 
•difficult ground, consisting principally of hills, forest, and swamp. 
Due of these swamps called Hakaluki Howhar is about 20 miles 
long by 9 miles broad during the rains. Major Badgley says that 
he had to cross it onee during winter, and w'as up to his waist in 
water and weeds in it from eight o’clock in the morning till past 
10 at night. In the following season the country under survey lay 
further to the west, about the lower spurs of the Tlpporah hills, 
running northwards past the British boundary into the plains of 
South Sylhot, as well as the isolated gron})s of low hills lying 
between Fenchugunj and the Mann river. These tracts of country 
up to that time described on tho inajis as “ hills covered with 
“ impenetrable jungle” Avcrorajhdly becoming very valuable, as they 
were being taken up and opened out for tea cxiltivation. Lieutenant- 
Colonel Woodthorpe, who was in charge of tho party, remarks on 
tho beauty of South Sylhet. The following graphic description 
from his pen is worth quoting ; — 

At four o’clock in the afternoon I am standing on a cleared hill just uhove a large 

garden, ''riic air is beautifully soft and balmy, and looking to tho east T sec below 
me the gentle undulations and flat ground umler tea cultivation, tlui rich dark green 
bushes standing out in bold eontrast on the red-brown soil. Among the huslies the 
bu^jiy coolies are at work, tho women adding brightness to the scene with their 
brilliantly coloured robes. In the midst of tho cultiviilioii oii tho hanks of a clear 
stream, in a small, well-kejit enclosure with a pretty tank, stands the manager’s 
bungalow, a large commodious house, with white-washed walls and lofty thatched roof, 
slighlly hidden by tall plaintaiii trees. Koso hushes and otlun* shrubs flourish in the 
garden, in which from my elevated standpoint I can see that tho useful is not over- 
looked in tlift culture of the beautiful, as testifled by a corner wliere many tempting- 
looking vegetables are growing. With the orange glow of the afternoon sun upon 
it, the bungalow, with its garden, looks, as indeed 1 find it, a very haven of rest, 
comfort, and hospitality. I hoar voices behind the bungalow near some largo, neat 
tea-houses, and, looking, I sec an excellent tennis court, where an (*xcitirig contest is 
being carried on between llie young planters of this and a neigJibouring garden. 
Beyond, the view dm; south is closed by the virgin forest of dark trees and feathery 
bamboos, the greater portion of which ^vill soon, by the enterprise of the [ilantors 
and the extension of the tea gardens, disappear. To the south-west and west the eye 
wandei’s over the plains of South Sylhet, bounded on the south by tho jungle-clad 
hills of Tipperali, purple now and indistinct. The flat green fields, above wliich, as 
the sun sinks, soft mist wreaths float, are broken up by freciuent clumps of mighty 
bamboos or fine old banian trees, amid whose dark recesses a few glimpses of reddish 
roofs and the light blue smoke curling upwards denote Ihe presence of villages. 
Beyon(J these to the west and north lie open expanses of what at this season is dry, 
or at the worst, only damp ground, but which a few of the March and April storms 
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will speedily convert into swamps, and even lakes. A thin dark line appearing here 
and there marks tho course of a river, its waters now very low and hidden by the high 
banks, above which the masts of country boats and the smoke from tho funnel of a 
steamer, just about to anchor for the night, are visible. Far away to tho north 
beyond the plain, the trees, the villages, and the station of .Sylhet itself, rises the 
long, level outline of the Khasia hills, faintly glowing in the sunset. A hum of 
voices ascends from the villages below, cows wend their way homewards through tho 
dee[)ening gloom, and as the suu sinks in the brown obscurity of the distant horizon, 
I shut up rny theodolite, and running down the hillside, soon find myself at the 
bungalow, where a hearty welcome and an excellent dinner await me.” 

Colonel Woodthorpe takes occasion to record in his report the 
very great assistance and hospitality rendered to him and to his 
followers by tho planters, who in several places are making good 
roads themselves, and so actively helping to open up the country. 

Mr. A. W. Chennell, an energetic and valtiod member of this 
party, died in Bombay Harbour on the 5th October 1883. The 
disease to which he succumbed had originated in an accident he 
mot with during tho previous season while traversing a stream in 
the Tipperah hills. He had always been mentioned in tho highest 
terms by the officers under whom ho served during tlie 19 years 
he had been in tho Department, and ho was one of the surveyors who 
were specially selected for service in Afghan istiin dui'ing tho late war. 

The season of 1883-84 was to have been occupied in the 
survey of tho Noa Diking valley and the hitherto unexplored 
portions of the Patkoi range on the extreme north-eastern frontier 
of Assam, but owing to the Aka raid on Balipur, the work was 
postponed, and the survey party, in accordance with the wishes of 
the Chief Commissioner of Assam, was ordered to accompany the 
military force which was sent into the hills to rescue British 
captives. Tho topographical results appear to have been meagre, 
as the military authorities did not permit Colonel Woodthorpe to 
visit much of the Aka country. He and Mr. Ogle subsequently 
explored some of the Daphla hills, discovering in the course of 
their work a branch of tho Bhoroli named Kameng, of which large 
stream no one had ever heard. The weather was, however, 
exceptionally bad, and Colonel Woodthorpe considers that on the 
north bank of the Brahmaputra the higher ranges are seldom free 
from cloud and rain after November. 

The season 1884-85 was devoted to work on the extreme north- 
easteru frontier of Assam, whore a knowledge of the mountainous 
region between the head of the Assam valley and the upper waters 
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of the Irawadi is even now (1891) very important, as the esta- 
blishment of a direct means of communication between the two 
•countries will be a great administrative and commercial gain, and 
help towards opening up this part of Upper Burma, No. 6 survey 
party, consisting of Colonel Woodthorpe, Mr. Ogle, and Mr. Ewing, 
with an escort of the 44th Gurkha Light Infantry, and some 
Frontier Police under the command of Major 0. R. Macgregor, 
explored this tract in 1884-85, ascending the Noa Dihing river 
from Sudiya, and crossed tho Ohankau pass (8,400 feet) over the 
dividing range. From an adjoining mountain, Mokoshat, the 
Brahmaputra and Irawadi rivers can both be descried on a clear 
day. The inliabitaiita of this part of the Upper Irawadi are 
Kamtis or Shans, and Buddhists by religion; Major Macgregor 
believes them to be of Siamese stock. Tho reception they gave the 
English was .friendly, and they appeared to bo particularly honest. 
Tho furthest points reached by the surveyors were Langdao and 
Padao (tho capital) on the M’Li-kha river (one of tho affluents 
of the Irawadi), a littlo south of Lieutenant Wilcox’s furthest, 
after which the party returned and crossed the mountains at an 
altitude of 5,500 feet into tho head waters of tho Ivyendwon, 
re-crossing eventually by tbe Patkoi pass (2,8G0 feet) into Assam.* 
Part of tho pgion to the south-west, intermediate between the 
Naga hills and tho Hukong valley, was explored in 1888 by an 
expedition under Mr. J. F. Needham, Assistant Political Officer at 
Sadiya, Mr. Ogle being again attached thereto as surveyor. The 
starting point was Marghorita, the terminus of the Asf-am Railway, 
which was left on the 4th January, and to which the expedition 
returned on the 28th February, having failed to reach their objective 
point in the Hukong valley owing to difficulties in obtaining 
carriage, the lateness of the season, and other causes, but having 
demonstrated the practicability of reaching the Hukong valley by 
two routes, viz,, 1st, by the Nongyong lake, and 2nd, by the Naga 
hills route, which goes through the mountains south of Margherita. 
The pass over the Patkoi on tho outward journey was found to be 
4,147 feet, while that on the return was 7,192 feet above sea-level. 
About 1,500 square miles of entirely now country lying south of 
the Patkoi range (up to which the surveys of 1873-74 had been 
carried) was surveyed by Mr. Ogle, who has established a reputation 


* See alto Frocee<)iQg8 of the Royal Geographical Society for 18S5, pp. 541 and 751. 




80 


TOPOGRAPHICAL SURVEYS. 


‘hy his successful work in these regions, and the new work was 
connected with that done further eastward in 1884-85. The Nagas 
mot with south of the Patkoi have some cruel characteristics,' 
and arc addicted to human sacrifices ; but they nevertheless were 
friendly disposed towards our troops, and gave useful assistance in 
various ways. 

This piece of exploration was the last accomplished by No. 6 
party, which was fi^nally dissolved on the 16th July 1885. A 
retrospect of its history since its formation in 1863 is given by 
Mr. Ogle at page viii of the Appendix to the Report of the Surveyor- 
General for 1884-85. 

The important survey of Sikkim which was carried out by 
Lieut. Harman after completion of his work in Northern Assam is 
described at pages 126 and 127, infra. 

RaJ'pufana and Simla . — This party (No. 7) was divided in two 
detachments in 1876-77, Lieutenant B. P. Leach, R.E., being 
engaged on an elaborately contoured survey of the Observatory hill, 
Simla, and Mr. R. Todd in prosecuting the detail survey in the 
desert ])ortions of the Marwar (Jodhpur), Shekawati, and Bikanir 
States in Rajymtana, ns well as a large scale survey of the city 
and environs of Jodhpur and 50 linear miles of forest reserve 
boundaries in Ajmere and Merwara. On the return of the party 
to recess quarters the triangulation for the survey Of the 
approaches to Simla and of the several military cantonments 
between Simla and the plains was taken in hand and carried over 
120 miles. 

Owing to the failure next year of the rains in Central and 
Southern India, it was not feasible to send more than a small 
portion of the Rajputana party to that province, so the remainder 
were employed in the neighbourhood of Simla, where a total area of 
104 square miles of roads and adjacent strips of country was 
surveyed on the 6-inch scale, together with plans of Subathu and 
Kasauli cantonments. The system of topography employed by 
Colonel De Pree for the hills in these surveys was the same as 
employed by Lieutenant E. P. Leach in the previous season, i.e., a 
combination of contour lines, sketched by eye, with other contour 
lines which had been accurately determined by water level, care- 
fully followed in succession by the topographers and accpately 
delineated on the plane-table. Thus on the 6-inch maps the true 
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contour lines represent vertical intervals of 250 feet between wbich 
were di’awn nine eye contours at about 25 feet apart, while in the 
cantonment maps on the 24-inch scale the true contour lines ran 
at vertical intervals of 50 feet between which there were four eye 
contours. This method of contouring proved valuable, enabling, 
as it did, native surveyors with no aptitude for hill sketching to 
produce accurate maps of difficult hill country, and reducing the 
delineation thereof to a comparatively mechanical operation. 

Operations in 1878-70 were resumed in the Bikanir desert, where 
the ground was characterised by the regular sand waves formed 
by the prevalent south-west wind, and a general paucity of 
vegetation. 'J’he country, however, may be said to be culturable, 
for it only requires for the sand to be scratched up, seed to be 
sown, and the rainfall does the rest. It is said that wlien the rain- 
fall has been gooil and tlie locusts do not destroy the standing 
crops one year’s harvest will feed the people for three years. By 
December the crops are all off the ground, and after that, till the 
next rains, the Bikanir cultivators remain idle in their houses. The 
ground traversed during the following season was of the same rather 
''uninteresting description, being varied only by the salt works at 
Sar and the sandstone quarries at Khari. In the former a coarse 
salt is produced by solar evaporation, ami in the latter a stone 
of , good coloin' and of compact texture, of which the stratum is 
liorizoiital and close to the suifiicc. 

During tbe following year, as the work moved gradually to the 
north and ivest, tlie country became even more desert-like than 
before ; but in the Jodhpur State a welcome change ensued, the 
usual rolling sand hills and ridges of the desert being i-eplaced by 
extensive plains composed of sandy clay, all more or loss fertile, 
varied by clumps of rocky hills. The wells in this part of the 
country are of great depth, one measured by Mr. McGrill, who was 
in charge of the party in 1881-82, being 480 feet deej), and the 
average depth being 270 feet. 

At the close of the season the Rajputana party was transferred 
to Burma and merged into the Burma Topographical party, the 
Rajputaua work being handed over to No. 1 topogx’aphical party, 
as mentioned above (sec page 70). 

Mijaore . — The important survey of the Native State of Mysore* had 
been commenced in 1874-75, and good progress had been made during 

• See Memoirs on the Indian Surveys, 2nd ed., p. 175. 
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the season. But in 1876-77 a serious famine overspread the 
greater part of Madras, and survey work in Mysore had con- 
sequently to be restricted to those tracts in the Naudidrug and; 
Nagar divisions where it was easier to obtain water, provisions, and 
forage. This seriously lessoned the out-turn of work of the two 
])arties (Nos. 8 and 9), and at the close of the season, as so many 
members of these parties had been necessarily deputed to famine relief 
duties, it was deemed bettor to amalgamate the remaining survey 
officers into one party under Major H. R. Thuillier, R.E. (now Sur- 
veyor-General of India). On taking the field next year the prospects 
were better than could have been expected, considering the disasters 
to which the province had been subjected. The tanks were well 
filled, pasturage was abundant, and but for the deserted look of the 
villages a stranger could not have imagined that famine and 
drought had so lately been devastating the country. Nevertheless 
the season was particularly unhealthy. Rover of a virulent type 
broke out early in the field season in many parts, and all the 
European members of the party, except the officer in charge, were 
laid up, while the menial establishment, without a single exception, 
suffered more or less. During 1878-79 seven surveyors, assistants, 
and sub-surveyors rejoined the party after being temporarily 
employed on famine relief duties, so that it became practicable to 
split the party again into two detachments. One of these detachments 
was engaged in triangulating the western part of the State, pre- 
paratory to a detail survey of the tracts between Mysore and South 
Kanara, so as to aid in the settlement of the long-debated frontier 
smwey, while the other detachment was occupied in the detail survey 
of part of the Nandidrug division. In the Malnad, as the country 
over which the triangulation extended is called, the principal feature 
is the Western Ghats, rising to a height of over 0,000 feet, covered 
for the most ])art with magnificent viigin forest, and forming the 
source of numerous rivers. The western face of this range is 
extremely precipitous, so as to bo nearly inaccessible from that side, 
but from the eastern face numerous spurs branch out in all direc- 
tions, and form more or less continuous chains of hills, which with 
innumerable undulations overspread the greater part of the State. 
The Malnad is essentially the country of rain and fog, and two or 
three* months immediately after the monsoon season it is looked 
upon as most unhealthy for those not acclimatised to it. Its staple 
products are coffee, betel-nut, cardamoms, and pepper, aVid the 
trade .is mainly effected by means of pack-cattle, locomotion being 
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difficult except along the roads, which are few and far between. 
Great efforts were made to complete the mapping of the Mysore- 
Kanar-a frontier during the following season (1870-80), but fever 
and sickness attacked the party, and at the close of the season two 
small gaps, aggregating about 25 miles in length, wore tinavoidably 
left. Owing to the difficulty of the country the ordinary method of 
working with the plane-table was in many cases utterly imprac- 
ticable, and resort was had to special methods, particularly that 
known as plane-table traversing, in which the plane-table s\ipplies 
the place of an angular instrument and the measurenaujts are made 
by chain, a process slow at all limes, but especially so when the 
chain linos, as in this case, had to be cleared through dense forest. 
The same procedure had to be adopted in 1880-81 in the survey of 
the western part of the province. The Assistant Superintendent, 
Captain J. K. McOullagh, E..E., accompanied the Boundary Commis- 
sioners in their work of demarcation, and inserted on the maps the 
position of the various marks ei’ected by them. Tlie general work of 
the party was much impeded by fever, fianu which all its momlwrs 
suffered more or less ; one valued officer, Mr. 11. Chew, Henior 
Surveyor, succumbed to a severe form of malarious fever contracted 
in the Bhadra valley. He had been 25 years in the Department, 
and had gained high commendation for his professional skill and 
steady attention to his duties. 

A largo out-turn of topogi’aphical work was rendered in 1881-82, 
this being duo partly to the fact that so miicli triangUlation had 
been accomplished in previous years that sufficient ground had been 
thereby prepared for the season’s detail survey, and ])airtly to the 
good health enjoyed by the party. As in former years, part of the 
work lay in the Malnad, where progr(;ss was necessarily slow, and 
part in the easier and more open Maidan country. 'J’lie former part of 
the survey lay on the extreme western edge of the provinct'., and 
included the famous Falls of Gersoppa, which are said to be the 
most picturesque falls in India. The Shcravati flowing over a very 
rocky bed about 250 yards wide here reaches a tremendous chasm 
960 feet in depth, down which it is precipitated in four stinking 
cascades. The Falls are graphically • described in the “ Mysore 
Gazetteer.’** 

During the seasons 1883-84 and 1884-85 the mapping of Mysore 
was steadily pushed forward under Major Tbui llier. In t he latter 
.. , ^ V'cluino II., pages 386-3S)0. 
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year the country was exceptionally difficult, fully half of the area 
consisting of ijitorininable forest aiid jungle, very sparsely popiilated 
even when villages existed at all. The most ordinary supplies (in- 
cluding water) were obtained only with great diffieulty ; the heat was 
intense, severe and continuous physical exertion had to be maintained, 
the detachments were constantly molested by wild elephants and other 
boasts, aud the unhealthy season ]>rostrated several members of the 
party and a large number of the menial establishment. The entire 
survey was finally completed by Major McCuUagh, R.B., in the 
middle of April 188G, aud the whole of the records brought to a satis- 
factory termination by the Ist of October the same year. The area 
of the Mysore State proved to bo 29,305 square miles, which was 
over 2,000 square miles in excess of the estimated area. A strip 
of the country was also surveyed outside and all round the state 
boundary. The Mysoi’e Survey was based on portions of the three 
principal series of triangles known as the “ Great Arc Meridional," 
the “ Mangalore Meridional,” and the “ Madras Longitudinal.” 
At the time of its commencement, in addition to the strictly 
topographical work on the scale of one inch to one mile, special 
surveys on a large scale of the various State forests within the 
province were contemplated, but after three of these forests, viz., 
Bilikal, Nanilidrug, and Dwarayadurga had been completed, it 
was decided that no more should be undertaken. The mapping of 
the state is couta.ined in 70 standard sheets, 4 sheets of Reserved 
-Forest SurVey.s, aud 19 sheets of Cantonments and City Surveys, 
chief among Avliich wore the surveys of Bangalore and Mysore 
towns. The survey was originally commenced in November 1875, 
and thus took 11 years to complete. The cost was entirely borne 
by the revenues of the State of Mysore. 

On the conclusion of the Mysore Survey the jiarty Avas transferred 
to the Madura and Tinnevelli districts of the Madras Bresidency, 
it having been arranged between the Governments of India and 
Madras that the topographical work remaining to bo done in the 
Piesidency, aggregating about 12,400 square miles, should bo 
surveyed on the 1-inch aud the forests on the 4-inch scale by 
the professional Survey Department instead of by the Madras 
RoAPenue authorities. The adjoining Native States of Travancore 
and Cochin were also to be surveyed on the 1-inch scale, the old 
maps of the mountainous tracts of these States being very deficient. 
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The area plane-tabled durinf^ the season 1886-87 consisted of a 
block of hills from four to eight thousand feet in height, including 
the south-west corner of the Palnis and parts of Madura and 
Travancoro. It is for the most part bare and exceedingly rugged, 
some of the precipices being tremendous, go that a body falling 
therefrom with a slight impetus would touch nothing for a quarter 
of a mile. The following season (1887-88) was (exceptionally 
imhoalthy, hardly a man escaped illness, and there wore 12 deaths 
out of a comparatively small c.stablisliuK'nt. The ojjcrations of 
the ti’iangulation included the loralr. of the Periyar project, an 
important and bold undertaking, which has greatly changed (he 
character of the country, (nice the homo of sambhav and of 
herds of wild elephants, but now swarming with troops of 
dusky, coolies busied in excavating or raising embankments. 
The project consists in building a gigantic concrt'te dam, 160 
feet high, across the Pej’iyar la’ver and cutting a tunnel 2,000 
yards long, tlu'ough which the imprisoned water Avill flow into tho 
channel of a small stream that rushes down the face of the (fhat 
into thousands of thirsty acres in Ihc': (lumbum valley. Tho cost 
amounts to about 70 lakhs of ru])ees.* 

During 1888-89 and l<S89-90, tho party were engaged exclusively 
on forest surveys in the Salem, Madura, and Tinu((velli districts, a 
class of work of increasing importance, which is already absorbing 
four paRties in the Contra! I’rovinces, Bombay and Madras I’resi- 
dencies, as well as a detachment in Orissa. 

Kath'mcar and Cutch . — The topographical survey of Kathiawar 
described at page 134 of the “Memoir” was brought to a conclusion 
by Major A» Pullan in 1879-80. It is an elaborate and important 
piece of work, 8urv(^yed on the 2-iuch for reduction to the 1 -inch 
scale, and consisting of 61 sheets. On its completion the operations 
of the party were extended into Cutch, and in 1880-81 the Groat 
Rann or Riinn was surveyed on the -^-inch scale, d'his rem<'irkable 
tract, marked so conspicuously on the maps, consists of sandy waste 
and salt beds separating Cutch from tho jirovinco of Sind. During 
the south-west monsoon tho Rann is a shallow inland sea, but during 
the cold and beginning of the hot season a few roads cross it; 
at first oozy salt slime and water overlies it in patches, but as .the 

* The g^cneral appearance and character of tho country are capitally and picturesqiudy 
described by Mr. B. W. Senior, p. iv. of “Survey Beport for 1887-88.” 
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warm weather approaches the hot winds blaze across the Rann like 
the blast of a furnace, clouds of dust render it impossible to advance, 
and travelling is safe only at night, the whole length of the road 
being marked out by the bones of the cattle and camels which have 
died from exhaustion m route ; a heavy fall of rain closes the road 
for days, and camels caught therein liavo but little chance of 
escape. Before 1819 the river passing through the Rann was 
crowded with boats can’ying the produce of Sind down to Lakpat, 
but in that year an earthquake closed the river and destroyed 
several villages.* 

' During the following seasons the Cutch survey was continued by 
Colonel Pullan. On one occasion while out surveying ho was 
attacked by a panther and a good deal mauled about ; these brutes, 
together Avith lions, haunt the Gir mountains of Kathiawar, and the 
former are said to bo not unfrequent in Cutch. The survey was 
finally brought to a conclusion by Colonel Pullan in 1886. 

Gujrat . — ThoGujrat survey was organized for the purpose of dealing 
Avith a large strip of country extending along the Avostorn confines of 
the Bombay Presidency from the Rann of Cutch in the north to Nasik 
in the south. From the first Colontd Walker devoted his best 
efforts to utilize the maiqung Avork of the Bombay Revenue 
surveyors who had already gone over all the cultivated tracts 
for setthnnont purposes. But the combination of the two surveys 
proved a difficult task; so during the rainy season in ‘1875 a 
conference was held at Poona with the vieAv of settling (i) the scale 
on Avhich the ucav Topographical Survey maps should bo drawn, 
and (ii) the extent to Avhich the older Bombay Revenue Survey 
maps could be incorporated and utilised. The Committee were 
also particularly asked to consider whether the 4-inch scale adopted 
by Major Haig in tlAijrat, or the 2-inch scale adopted by Major 
Tanner and Captain Samuells in the Deccan and Nasik was 
l)referable. Colonel W. C. Anderson was president, and the other 
members were Lieut. -Colonel Taverner, Lieut. -Colonel Macdonald, 
Major Tanner, Captain Samuells, Major Haig, Major-General Bell, 
and Colonel Merriman. The last two wore engineers, all the others 
were Survey officers. 

* "Sir Baltic Froie wrote an interesting p«pcr on the Bonn of Cutch for the 
Royal Geographical Society, See ll. G. 8, Journal, xl., p. 181, Mr. W. T. BJanfurd 
u)^?o discussed the former existence of a sea covering the Rann, Journal Agiatic Soc., 
Beng., xlv., p. ii., 1876, 
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TJnfortunatoly, the Conference did not agi’oe upon a report ; no 
reply was given to the first question put, and gi’eat differences of 
©pinion were manifested in regard to the best scale to be adopted. 

The Government of India, being thus inops consilii, foil in with 
the middle course suggesfed by the Bombay Government ; they 
decided that the 2-inch scale should be prescriluMl for the Topo- 
graphical surveys, and that the Bombay revenue sheets should bo 
utilised wherever they could bo used with advantage. At the same 
time, the Bombay officers were directed to supply in future such 
additional topogra])hical details as inight bo required.* 

The Topographical party in 187()-77 Avas under the care of Colonel 
0. T. Haig, who in March made over the charge to Lieutenant J. L. 
Gibbs, ll.E. A good amount of topographical Avork Avas turned out, the 
greater portion being in the Native State of Baroda, which occupies 
a central iiosition in the area allotted to the survey. I aoutenant Gibbs 
Avas, howoA^er, attacked Avith choloi’a oii the resumption of the 
field work, and unfortunately died on the 21st November 1877. 
Though quite young he AA^as one of the most promising officers 
of the Department, his abilities wore of no mean order, and his 
descriptions of the Dangs-}- and other localities surveyed by him 
showed considerable power of observation. The native oslablishment 
of the survey also suffered a good deal iiA health from the effects 
of the famine. Lieutenant Gibbs Avas succeeded by Lieutenant 
St. G.*C. Gore, avIio was transferred from the neighbouring Bhopal 
and Mahva survey, aud Avho sui'vcyed t'S square miles of the 
Dajigs Forest tract on the 4-inch scale. The maps of British 
territory published on the 2-inch scale included, in addition to the 
details of the ordinary 1-inch scale maps, minor roads, and com- 
munications, and so many of the field boundary, triple junctions, 
and other points on the village mtips draAvn uj) by the Bombay 
Revenue Survey that would facilitates the further incorporation of all 
the details of those maps, if required for the purposes of any noAV 
road, canal, or other engineering work. For this woi’k the Bombay 
Government supplied a special auxiliary agency, consisting of an 
assistant superintendent from the Bcimbay Revenue Survey and a 
native establishment, at a cost of Rs. 500 per mensem. The same 
Government also contributed Rs. 30,000 toAvards the extra cost of 

* Letters from A, O. Ilume, C.I5., Secretary to llio (Soveniiucnt of Judia, Nos. ISf 
and 13(j, dated Pth February 1876. 

f In the Appemliceg to the G. T. S. Reimrta for 187.1-74 and 1874-75, pp. .'12a and 
36a, respectively. 
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tlie Dangs survey, this being divided into four annual instalments, 
and the Baroda Government contributed Rs. 5,500 per annum 
towards the expenses of surveying their State, on the condition* 
of 550 square miles per annum being surveyed until completion of 
the whole. In April 1 881 Colonel Haig, wlio had had charge of the 
party for some years, was de])nted to the Geographical Congress 
at Venice.* and the command devolved first on Captain Hobday and 
then on Tjieutenant-Colonel Loach, Y.C., R.B. The survey in the 
Dangs Forest, which in previous years had boon found to bo attended 
with much malarious fever, had by this time reached a more open 
country, and it was thought the field work might be sab'ly com- 
menced early in the season ; unfortunately the ground is then 
covered with high dense grass, and all the sin’veyors, European 
and native, with a single exception fell ill, thus the experiment 
failed and the season’s out-turn of work fell below what had been 
expected. During the same year (1880-81) Mr. L(' Mesuricr and 
the native establishment of the Boinl)ay Revenue and Hettlement 
Department were ro-transforred to their own (li'partment after 
having been attached to tlio Gujrat Survey for eight years, during 
which time they had done good service in map-drawing and 
incorporating the details from the Bombay Revenue Survey maps 
into those of the professional survey party. Tn 1881-82 the ])lano- 
table work included the northern part of the Baroda State which is 
watered by the Saraswati river, and to wliich much historic interest 
attaches. Patan, one of the chief towns in that locality, is built 
on part of the site of Anhilw;ada, the old capital of Gujrat befpre 
Ahmadabad was built. Anhilwada is said to have been 18 miles in 
circumference, and the heaps of old ruins to be found for miles 
round Patan seem to corroborate the statement. Patan and Sidhpur 
are both situated on the Saraswati river, which is venerated as a 
goddess, and the latter town (Sidhpur) is a noted place of pilgrimage, 
the remains of the Rudra Mala Temple of Shiva being an object of 
considerable archaeological interest. Another remarkable feature 
of the season’s survey was the hot sulphur spring of TJnai on the 
boundary between the Baroda and Bansda States, into which at 
certain seasons ci’owds of people rush and bathe without cessation 
for two or three days together. The water as tested by Colonel Haig 
was of the temperature of 138° Fahrenheit, but this is probably 

* Two medals were awarded at this Congress to meritorious Indian native eTjplorers, 
one being assigned to M tS (see page 1*12) and the other to A K«— * 

(p. 166). 
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lowered by the continuous stream of liuman bathers, who are further 
encouraged and fortified by doses of intoxicating hhauff. 

, The survey of the Dangs foi’osts was completed in 1882-83, and 
a survey of the Panch Mahals, incorporating the fiscal details of tlio 
Revenue Survey village maps and ii'cUnling forest boundaries, on 
the 4-inch scale was commenced in the same year. (V)lonol Haig 
caused a special survey to bo made (so far as the scale permitted) 
of the hill of Pawagarh, which with the remains of the old city of 
Champaner at its base, forms an object of considerable historical 
and archmological interest, and of which no previous niajt existed. 
It abounds with old Jain temple's, more recent, Miihaamnadaii 
foi’tifications, mosques, buildings, and tanks, and still more recent 
Hindu temjdcs. Colonel Baelgloy took charge of the survey in 
1884-80, and the wmrk during that season consisted practically 
of nothing but 2-inch scale work. Late rains increased the natural 
unhealthiness of the country, so that nearly ono-fifbh of the w'orking 
season w'as lost through sickness. The detail survey of Baroda city 
Avas finished in 1885-80, and :i,n cxoe]ttionally large area of topograjdiy 
was covered during the same season, much of the ground consisting 
of open plain. The ojierations Avei'c in charge of Mr. J. Ncwland 
during the greater part of the time, owing to the paucity of available 
olficers of the senior division. In the next season the party was 
divided into two sections, one proceeding to Hurat and Pahinpur 
to camy on the topographical survey of Gujrat on the 2-inch scale, 
and the second to Kalyan taluka to commence surveys on the 
8-inch scale of the Fonist Reserves in the Tliana district Avhich 
had been requested by the Bombay Government. The surveyors 
employed on this work suffered much from fever, which is specially 
prevalent in those tracts between November and January (both 
months inclusive). In 1887-88 the 2-inch scale Avork lay Avithin 
two of the northernmost sheets of the area of the survey close to 
the limit of the Gwalior and Central India Survey, one of Avhich 
sheets includes the cave temple of Menaknath, which lies embedded 
in the side of a hill seven miles .south-east of Danta. It is said to bo 
capable of accommodating 2,000 persons, and is a sacred place 
of pilgrimage for Hindus. A largo scale survey of Disa cantonment 
and environs was also completed. 

In consequence of the Bombay Government having proposed the 
organization of a special Forest Survey Branch for the future conduct 
of fore'st surveys in that presidency, a conference was held at Poona 
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in July 1888, at wHeli the Secretary to the Government of India in 
•the Revenue and Agricultural Department, the Surveyor-General, 
and the Deptity Surveyor-General attended and discussed the matter., 
A general scheme was arranged, the following being the principal 
points : — 

(1.) One party of the topographical survey of India to bo placed 
fully equi])ped and manned at the disposal of the Bombay 
Government for the purposes of forest surveys in that 
presidency, to be utilised in such manner as that Govern- 
ment may think fit. 

(2.) The cost of the party to bo debited to forests, by which half 
the cost will bo borne by imperial and half by provincial 
revenues. 

(3.) The normal scale for the Forest Survey maps to be four inches 
to the mile instead of eight inches. 

(4.) The officer in charge of the jmrty to be under the control and 
supei'vision of the Survey and Settlement Commissioners, 
supervision over his work being also maintained by the 
Surveyor-General of India. 

Those conditions having been accepted by the Government of 
India, the Gujrat party Avith slight modifications as to 'personnel 
(the topographical section having been withdrawn and the forest 
section from No. 10 party added) was placed at the disposal of the 
Bombay authorities, and the programme for 1888-89 arranged 
by that Government. The work of the northern circle lay principally 
on the ridges and spurs of the Ghats, on the low hills of the 
Konkans, and on the plateaux of the Northern Ghats, while the 
forests of the southern circle, froTu tfio dense nature of the under- 
growth, were most tedious and unhealthy to map out. 

The area remaining for topographical survey in Gujrat, Rajputana, 
and the Southern Maratha country was entrusted to the old party, 
which also worked in two sections under Colonel Hutchinson. 
Part of the frontier of the Nizam’s dominions Avas mapped, during 
which an assault was made on the surveyors by some villagers, 
who mistook them for excise officials. The ringleaders were 
sentenced to two years’ imprisonment and a fine of Rs. 1,000 each. 
The survey and settlement of a large tract of disputed country 
between Mewar and Marwar were also undertaken. 

Kohat . — On the withdrawal of the British forces from Northern 
Afghanistan in 1880 it was arranged that some of the survey officers 



TOPOGRAPHICAL KURVEy^. 


91 


■who had roturnod to India should be employed iu making a standard 
topographical survey of the Koljat district, to supersede the prelimi- 
nary reconnaissance survey which had been made in 1849-51 imme- 
diately after the annexation of the Punjab, and to complete the gaps 
remaining to be filled in on the frontier lino up to the recent surveys 
in the Kuram valley and other contiguous portions of Afghanistan. 
The time was limited, but some useful work was done. Mr. McNair 
was deputed early in the season 1880-81 to effect a more satisfactory 
Junction than hail been possible during the progress of the military 
operations between Major Woodtborpe’s triangulation in the Kuram 
valley and the old Kohat secondary triangles, fixed thirty years ago. 
He also undertook the topography of tho Miranzai valley, througli 
which the highway from Koliat to Kabul, by Avay of the Kuram 
valley, passes, and of which a good map was much required by iho 
local officials. Major Iloldich joined the party about tho middle 
of Februarv, but soon after his services were needed with the force 

•J 

under Brigadier-Cleneral Gordon, C.B., which ju’ocooded from Bannu 
to operate against the Mahsud Waziris, An ari'a of 2,000 square 
miles was covered by tho Kohat tri angulation, and 898 square miles 
were topographically surveyed on the l-inch scale in tho Miranzai 
valley, besides rough reconnaissances in tho Hrakzai, Tirab, and 
Bam valleys. A native oxjdori'r made a reconnaissance of the 
Zhob valley, and afterwards did good service with the Waziri 
expedition. 

During the recess tho ])arty were engaged in making a standard 
topographical survey of tho Kohat district on the 1-inch .scahi, and 
also on the final mapi)ing of tho surveys in Northern Afghanistan. 
The Kohat field work was continued by Major Holdich and 
Mr. McNair in lHSl-82. The latter officer also succeeded in making 
friends with oue of the Waziri chiefs, and was taken undiir tribal 
protection to niako a reconnaissance of the tract of independent 
territory lying cast of tho Kuram river and immediately north of 
Bannu, Avhich is inhabited by the DareshKhel Waziris, and embraces 
the well-known range of hills culminating in tho Kafir Kot, which 
Mr. McNair is the first European to have visited. Tho general 
aspect of the countiy is wild, and there is very little cultivation. In 
winter and spring as many as (),000 fighting men are estimated to 
occupy the hills, but during the hot months scarcely 500 remain 
behind. The reputation of these gentry as highwaymen is great, 
and *they are a source of considerable anxiety to tho Deputy 
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Commissiouor.s of Kohat and Bannu ; they arc, however, men of 
splendid ])hysi({ne, inured to all weathers .and of great endurance, 
and it is a great pity that they do not accept employment under 
our Government. 

Mr. Claudius surveyed a small area of ground, including Kohat 
itself, .and the hill saniiarium of Mirkhw.aili. Ho states that the 
whole of Tirah is well supplied with Sniders, and a number of men 
carry good Martini rifles. They boast tliat these weapons are 
])lunder, secured during the recent campaigns in the Khaibar and 
Kuram routes. For the Sniders they have such an abundance 
of ammunition that cartridges are actually bought from Tirah by 
our men cheapc'r than in India. The manufacture of cartridges 
for the Martinis is even said to have been commenced by them 
Avith success. 

The surAmy Avas finally brought to a conclusion in 1S82-83, and 
a large scale plan of Kohat city and cantonment Avas completed 
the same year. TIio efforts made to reconnoitre the adjacent 
frontier under the ])rotection of the tribes proA'od very successful, 
and th.anks in great measure to the interest taken in the Avork by 
Major IToldich, the results Avere to supply reliable maps of the Avhole 
strip of territory extending from the Kabul river on the north to 
the Gumal on the south, the only exception being a small tract of 
country near the Gnimal pass. With the assistance of No. 5 To})o- 
gr.aphical and No. .3 RoA^emio parties, Major Holdich Avas enabled 
during the recess to complete for jmblication the whole nine standard 
sheets of the survey of the Kohat district. The Avork being 
completed, the party A\ms broken up, and Major Holdich with most 
of his assistants were transferred to the Baluchistan Survey. 

Baluchi xtan . — In September 1879 Major R. BeaAmu Avas directed to 
proceed from Kandahar to Quetta to survey the country Ixdwoen and 
around Quetta and Sibi. On arriA'al at Quetta, finding that an expe- 
dition was about to start to explore the route to Sibi, via the Hanna 
or Hamra pass, he accompanied them, arriving at Sibi on the 
12th January 1880, just in time to see the opening of this part of 
the railway and the arrival of the first railway train. He subse- 
quently visited Khost in the Dargi valley, and then Tal, from 
which place ho subsequently accompanied military expeditions 
towards Chotiali and to Baghao and Smalan on the north-east. 
Major Beav.an’s reconnaissance on the j-inch scale covered about 
2,500 square miles, and extended from Quetta to Tal, Chotiali, and 
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down to Sibi. It proved of great use afterwards to the engineers 
employed in laying out the new line of railway. Some valuable 
survey Avork around Sibi, Mitri, and Dadur, Avas done by Messrs. 
Ooxen and Corkery, assistant sinweyors, Avho shoAvod great tact in 
dealing with the Pathan and Baluchi inhabitants of the country. 
The obstacles in the way of survey Avork in Baluchistan were 
altogether exceptionally great. The local means of carriage were 
monopolised for the service of the troops, and the camel owners 
realised such enormous j)rofits by carrying Government stores at so 
much a mauud that they refused to take service by the month. 
Dust storms aud Iiaze woi’e very persistent at times and prevented any 
satisfactory observations from being taken, water was often terribly 
scarce or almost unlit to drink, and as a natural I'esult of bad water 
and an unequable climate, sickness was rife among both Europeans 
and natives. Another great drawback in Baluchistan is the 
extremes of temperature experienced, t'rom March to November 
the low country is intensely hot, and from November to March the 
highlands between Quetta and Khelat are intensely cold, while 
dunng June, July, aud August thick haze prevails. 

By an order of the 12th July 1880 the party under Major 
Beavan’s orders was organized as a regular party for the survey of 
Southern Afghanistan, Baluchistan, and the adjacent country under 
the designation of the “ Baluchistan Topographical ]>arty.” 

During October, November, and December 1880 Major Beavan 
accompanied the expedition into the Marri country, but the unsettled 
state of the country rendered it imjiossible to ]eav<' the line of 
march in order to ascend any commanding heights. A survey of 
the actual line of rout(! Avith bearings and paces was taken by 
Captain W. Gill, R.E. 

The Avork of Major BeaA'an’s party Avas described by him as a 
geographical I'oconnaissance on the J-inch scale of Hewestan and the 
Marri hills, and a more elaborate' survey on the y-inch scale of 
the territories subject to the Kh.an of Khelat, In a googra])hical 
point of view Major Beavan applies the name SoAvestan to the 
district drained by the Nari river and its affluents, one of rugged 
broken ranges of hills running mostly oast* and Avest. Hugo cracks 
or crevices have been formed across the line of hills, and through 
these the drainage of the country makes its way, presenting the 
anomalous condition of parallel valleys with rivers running at right 
angles to them. In many parts the sandstone rocks lie broken and 
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mixed up in magnificent confusion, lending an appearance of truth 
to the old legend that after the creation of the Avorld the spare 
rubbish was shot down here. Major Beavan says it is impossible 
to give on the map an adequate idea of such a country. 

During the winter of 1881-82 the survey of the country lying 
between Quetta and Khelat was continued, the season’s work com- 
prising more especially that part adjacent to the Bolan and Rodbar 
passes. Major Beavan himself accompanied a military expedition 
under Brigadier-General H. C. Wilkinson to open out the routes 
between ’J’al-Chotiali and Dera Ghazi Khan. In addition to 
making a plane-table reconnaissance of the previously unsurveyed 
portions of the route which lay viA, Mandai, Tal, and Chamalang, 
Major Beavan took observations for the purpose of completing 
the Sewestan triangulation, and subsequently, accompanied by 
Mr. Corkery, and under the protection of an escort of Marris, 
}nade some useful additions to the survey of that country. 

In the following season the work mainly consisted of triangula- 
t'on, originating from stations of the Great Indus Series and carried 
over the Sulimaii range, the Khetran cotintry, and a portion of the 
Marri hills, and closing on to the triangulation previously executed. 
A aeries of triangles was also commenced over the hill country 
between Khelat and the Kach Gandava plain. The season’s topo- 
graphy was carric'd on in the hilly country east of Khelat during the 
autumn and again in the spnng months, and during the cold mouths 
in the low country at the foot of the hills and also in the lower hills 
north of Sibi. In all an area of 1,844 square miles was finally 
mapped. A rapid reconnaissance was carried out by Mr. Coxen 
j'rom Khelat to Nushki with a view to selecting stations for an 
extension of the triangulatioTi in that direction, and also fixing the 
].osition of Nushki, which had been till then doubtful. In 1883-84 
the party was divided into three sections, the one under Major 
Iloldich, ll.E., was employed on the Takht-i-Suliman expedition 
(; . e page 147), the second under Lieutenant Talbot, R.E., accom- 
panied Sir Robert Sandemaii’s mission in South-west Baluchistan, 
whilst the third, under Mr. Claudius, took up the regular detail 
s .rvey, and was further ’strengthened, after the Takht-i-Suliman 
e.xpedition, by the arrival of Mr. Coxen and Sub-Surveyor Hira 
Sing. There was a large out-turn of tri angulation, as well as a 
vei*y creditable amount of topography on the .|^-inch scale in the 
Ti\l-Chotiali territory and the Kachi desert. 
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Sir R. Sandemau’s political mission to the distajit town of Kharan 
in the Baluchistan desert in November 1883 aflTorded an opportunity 
for fixing the position of an outlying point of some importance in its 
relation to the Indian western frontier. The mission started from 
Khelat in November 1883. Lieutenant Talbot, who, with Lieutenant 
Wahab, was attached as surveyor to the party, canned his triangula- 
tion first southerly and then soitth- westerly, while Lieutenant Wahab 
worked at first westerly and then in a southerly direction. They 
met again at Garok, one march eastward of Kharan. Beyond the 
latter place Lieutenant Talbot extended the triangulation to Washuk, 
but fro7n thence to Paujgur* the haze made it difficult to see objects 
five miles off, and a gap of 130 miles occurred in the triangles. 
Through the plane-tabling, however, a satisfactory junction wa.s 
effected. 

The rcquii'ements of the Afghan Boundary (Commission, which 
was being organized at that time and to which Major Holdich and 
Lieutenant Talbot were attached, occasioned a considerable reduction 
in the ])ersonuel of the Baluchistan party in 1884-85, in a'Idition 
to which Lieutenant Wahab, Mr. Sco(t, and Yusuf Sharif, who had 
been attached to the Zhob Valley expedition, did not return till the 
17 th December 1884. Mr. Claudius laid out a series 'of triangles 
45 miles in length closing on stations of the Baluchistan Survey 
ea.st of Khelat, ajid Yusuf Sharif established a connexion with the 
Zhob e^epedition triangulation and the G.T.S, points fixed from the 
Great Indus Scries on the Sulimau range. The out-turn of topo- 
graphy included an important bit of hitherto unexplored country 
stretching from the lower ])art of the Harnai valley' northwards, 
and the survey proved of great value in determining the best route 
for the railway through this difficult country. Portions of the 
Bugti country, the Derajat fr’ontier, the Kacbi plain around 
Gandava, and the hilly country to the west Avere also surveyed in 
detail. Generally speaking, the operations of the party were 
extended over a very wide ai’ea of coimtry, from the Suliman range 
on the east to the Khelat hills on the west, consisting for the most 
part of barren rocky hills and equally barren valleys sparsely popu- 
lated by Baluch and Pathan tribes. Most of the ground west of 


^ There is a good deal of information a>)Oiit Panjgur and the Khan of Kharan in the 
lato Sir Charles Maegregor’s “Wanderings in Balochistun (Allen & Co.), 1882. 
Panjgiir^vas also visited by Sir liobert Sandeman in 1890-91, in his exploration of 
the old kqfila route between Lus Beyla and Southern Persia. 
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the passes is tolerably elevated, aud tlie surveyors’ camps were often 
over 5,000 feet, but on tue whole the country was easy to survey. 
The Kachi plain was the only tract differing essentially from this, 
descrij)tion, aud that com'sponds more in climate and general 
conditions to the adjacent Sind plain. 

The party sustained a loss in the death of Mr. G. R, Copping, a 
young surveyor of great promise, who had served six years with the 
party. Ho Avas suddenly taken ill, apparently Avith fever, in one of 
the most desolate spots on the frontier, and was carried by his 
khalassies into Sibi to die. 

An interesting description of the Marri country, with its thi’ee 
settlements, Kahan, Mamand, and Kolu, as well as of the Kachi and 
Harnai valley, was supplied by Captain Wahab, and Avill be found 
in the Appendix to the Report of the Surveyor Gemnnl for 1884-85.^’ 

During the next season the command devolved on Colonel Wilmer 
and the operations consisted almost entirely ol’ syjocial surveys for 
military purposes, viz. : — (i.) A survey on the 2-inch scale of tho 
Khwaja-Amran range, towards Kandahar; (ii.) A siirA'oy on the 
2-inch scale of tho country surrounding Quetta ; (iii.) An explora- 
tion of tho routes betAveen Registan and the Baluchistan frontier. 

The triangulation in advance of the detail o])crations of the season 
Avas carried by Mr. Claudius southwards from Gulistan and generally 
along the meridian of 06° over Southern Pishin, the fertile valley of 
Shorawak, and the Shorarud hills. This triangulation connected the 
Kandahar, Khelat, and south-Avest Baluchistan Sej’ies, and furnished 
good bases for further extension westwards. Mr. Claudius wrote an 
interesting description of the country traversed, which has been 
printed separately. 

The explorations under (iii.) were cari-ied out by Sub-Surveyors 
Ahmed Ali and Sheikh Mohidin. Tho former started from Nushki, 
succeeded in making a reconnaissance survey with the plane-table of 
nearly 20,000 square miles, mostly on the ]-inch scale. His explora- 
tion extended up to the Persian frontier, embracing country well to 
tho north and south of the route followed by the Boundary Com- 
mission in 1884, including 300 miles of the course of the Helmund 
river, with its numerous villages on both banks. The country 
explored by Sheikh Mohidin was the portion of Registan immediately 
west of the Khwaja-Amran range. His plane-tabling covered an 
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area of about 10, ()()() square miles on the ^-mch scale, cbiolly desert, 
throngli wliicli all the important routes were laid down. 

* g’oneml survey was continued by Captain b'. B. Long, Tl.E., 
and Mr, Claudius in 1880-87, tbe country triangulated comprising 
parts of tlio districts of Khurasan ami Jalawau betAveen Khelat and 
the Sind frontiei’, while the topographical work lay in portions of 
the Bugti and Marri hills, the Khetrani hills, the Kachi near Sibi, the 
Bori valley, and the Imni Pathan country in the north, and the 
juniper forests about Ziarat. The Bugti, Marri, and Khetrani hills 
are extremely intricate, and great difficulties Avere experienced in 
procuring water and supplies, while the heat in Ajuil and May is 
describc<l as almost unbearable. To the north the country is much 
less complicated, the valleys are wider and comparatively Avell 
inhabited, and the hill ranges running approximately east and west 
are well marked and easil^^ delineated. 

The same season saw the transfei' of the Rajputaiia and Central 
India party to Baluchistan (see \>.70 sKjira), and Captain Wahab,Tl.E,, 
Avho had beem temporarily attached to the Himalaya party during 
tlie absence of Colonel Tanner Avith the Tibet mission, was placed in 
charge a short time prior to the party taking the field. The Avork 
included a detail survey on the (i-inch scale of about 27 square miles 
of country in the neighbourhood of Quetta, a 2-inch survey of the 
eastern jjortion of tlie Pishiii plain and the Surkhab, GavuI, and Kach 
valleys, * and the extension south Avards of the 2-inch suiTey of 
the Khwaja-Amran range. The Baluchistan Survey had by this 
time* (1887) AinaA'oidably assumed such large proportions as to 
demand a rigorous trigonometrical basis, and it was therefore decided 
to carry two chains of triangles emanating from the Groat Indus 
Series, one along the pai’allel of 30° N. latitude, and the other 
approximately to the meridian of 67° E. longitude, both to meet at 
(Quetta. The latter ])art of the work was entrusted to Mr. Claudius, 
who successfully carried it out in a sei-ies of quadrilaterals com- 
prising 19 stations, and spanning a direct distance of about 1«50 
miles. The minor triangulation preliminary to detail survey on the 
^-inch scale Avas extended over sheet 23 K.W., which lies east of 
Kuhak and south of Kharau. 

The severity of the winter and the difficulties in the matter of 
carriage and supplies were found particularly trying both to the 
surveyors employed on the triangulation and to those engaged in 
detail surveying, but nevertheless over 7,500 square miles of topo- 
graphy were surveyed on the ^-inch scale. Eor the ensuing season 

° p 

1 Y 20321. ^ 
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it was decided that only one party should he omployed in. Baluchistan, 
and that operations should he confined to the extension of the 2-inch 
survey in the neighbourhood of Quetta and Pishin, and in revising 
the survey of the country about the Bolan and Ilarnai routes. 

The field work of the other Baluchistan party (No. 16) included 
the extension of the general survey of Baluchistan on the scale 
of half an inch to the mile, and a survey of the town and canton- 
ment of Quetta on the 16-inch scale, with a record of all 
properties on the cadastral system. Minor triangulation prepara- 
tory to further extension of the -j-inch survey was carried on 
towards Kharan, and of the 2-inch survey south-west of Quetta. A 
series of secondary triangles was also extended by Mr. McNair from 
the Groat Indus Series, near Debra Ghazi Khan, along the parallel of 
latitude up to Quetta, where it will join the Kalat Scries. He 
carried out his work under trying cireuinstances with groat care and 
accuracy. The exposure which this energetic and enterprising 
officer endured tried his constitution severely, and he unfortiinately 
fell a victim to typhoid fever, and died at Mussoorie in the summer 
of 1889. Mr. McNair had joined the Department in 1867, and had 
served for 12 years in Bajputaua and Mysore. Fj-om the first he 
displayed special aptitude for survey work, and during the Afghan 
War ho had mapped out a good deal of new country, including the 
Lughman valley and other ])arts of the Upper Kabul valley. At the 
close of the war he was employed in the risky work of mapping 
the frontier line from Kohat to Bannu. But his most conspicuous 
achievement was his adventurous journey into Kafiristan, which 
gained for him the Murchison Grant of the Royal Geographical 
Society.* He was an able observer ; he had readiness of resource, 
and a mai’ked aptitude for gaining personal influence over the 
frontier triljcsmeu Avith whom he came in contact. 

The country topographically surveyed by the party on the -|-inch 
scale in 1887-88 lies south and south-west of Khelat, and includes the 
highest part of the Brahui mountain system, which forms the water- 
parting between the Indus basin and the rivers that flow to the west. 
A large scale map of Quetta was completed during the recess. During 
January 1888, Captain Wahab and a sub-surveyor were told off to 
accompany an expedition under the Dejmty Commissioner of Dera 
Ismail Khan for exploration in the Gumal pass. Unfortunately 
little or no additional geography was obtained, as Captain Wahab 
was unable to ascend any commanding hill beyond Kajuri Kach (up 


* See pngc 149. 
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to ■which point the pass had been surveyed in 1883-84 by Surveyor 
Yusuf Sharif), but he obtained the heights of a number of points 
along the pass and of several hill peaks, which will be useful in future 
operations. 

In October 1888 an important reduction was made by Government 
in the number of topographical parties, which were thereby brought 
down to three in lieu of six. This involved the breaking up of 
XNo. 16 party employed in Baluchistan, and a corresponding reduc- 
tion in the amotuit of work turned out by No. 15 party, on whom 
the entire duty of Jiiapping out this impoihant agency thus devolved. 
Colonel Holdich took charge, and the 0 (pi])racnt and stock .vei'o 
brought from MuSwSourie to Quetta, which thus became tho head- 
quarters of the Baluchistan Survey. In addition to the regular 
work, Sub-Surveyor Ahmed Ali made an imporlant and ])lucky 
reconnaissance in Western Baluchistan, adding 19,000 scpiaro miles 
of geographical information to our maps, and jn'actically completing 
all that remained to be done in that direction. Lieutenant Mac- 
kenzie, R.E., and Sub-Surveyor Imam Sharif, K.B., accompanied Sir 
H. Preudergast dui’ing his tour in Zhob and EastcTii 'I’oba in July 
1889, and surveyed about 1,100 square miles, and Assistant Surveyor 
Yusuf Sharif, K.B., ma])ped a very large area of unknown couiitry 
in Persia for the Intelligence Branch of the Quartermaster General’s 
Department. On all three of these ]>ieccs of ox])loration soi)arato 
reports were submitted. In 1889-90, besides the regular topography 
of Baluchistan, an area of 4,500 squai'e miles was siirvt'ycnl by 
Colonel Holdich and Lieutenant Mackenzie while attacliod to Sir 11. 
Sandeman’s expedition to tho Zhob valley, and surveys wore effected 
in Western Makran and the Perso-Baluch frontier. 

llimalayoa . — Since 1885 tho party foimerly cm})loyed in the 
Darjeeling Survey, under Colonel Tanner, has been deputed to take 
up the topography of the Hill -States about Simla, and of the 
Kangra district, on the 4-inch and 2-inch scales. Tim very 
high mountainous regions, of which a fair proportion falls witliin 
the area of operations, are dealt with on the l-iiich scale. A few 
soldiers were attached to the party, to bo ti'ained in s\n-veying, and 
Colonel Tanner reported that the experiment answered well, four 
men having acquired sufficient training in 1886 and 18<S7 to make, 
under supervision, a fairly accurate map of any country they might 
be called upon to survey. 
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The Rovenne Surveys of India form the principal basis on which 
tlio whole fiscal administration of the country rests. In India the 
Government is the chief landowner, hence tho determination of the 
area of tho fields of the cultivators or of the zemindars,* with whom, 
as the case may bo, the Government “settlement” is made, is a 
matter of prime necessity to tho State. The ideal suiwey, as truly 
remarked in the “ Memoir on the Indian Surveys,” while furnishing 
complete information for settlement purposes, should be executed 
throughout on accurate priiicijdes and supply at the same time 
materials for compiling trustworthy maps for general use. A good 
revenue survey should also supply such agricultural statistics as will 
give a statesman knowledge to enable him to improve the condition 
of the people, to increase their means of stibsistence, to avert 
famines, to add to the wealth of the country, and adjust taxation. 

Although revenue surveys have boon conducted on different 
principles in various provinces of India, the introduction and 
spread during the last 18 years of tho cadastral']* S 5 '^stem indicates 
that the advantages of tho best and most accurate principles 
of surveying, as understood by the chief Continental nations, are 
recognised more and moi’o in India. The chapters in the 
“Memoir” have dealt with tho development of the older system 
and tho inauguration of tho cadastral method iip to tho period 
just preceding the amalgamation of the throe branches of tho 
Indian Survey. 

In 1870-77 the Revenue Surveys wore conducted under tho 
genei'al supervision of General D, C. Vanrenen, Superintendent, 
by 14 parties, which were thus distributed, viz., two in the Punjab, 

* Lamlowners. 

t More than one derivation lias been assigned to the word cadastral. The 
“ Dictioiinairo des Dictionnaires ” derives it from tlni inedireval Latin word capitastrum^ 
but the Recueil des Lois ct Instructions sur les contributions directes ckfines it as 
a plan (probably from cadrer^ to square) from which the area of land may be computed^ 
and from which its revenue may be valued. 
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three in the North-West Proviiicea, six in Bengal, two in Bombay, 
and one in Assam. Of those 11 were* regular survey divisions, 
aild three smaller parties employed on S])ccial work distinct from the 
regular divisions. The total area surveyed and com])]oted in detail 
was 12,544 square miles, of which 5,424 square miles were muzawar 
or village by village survey, at a cost of about 50 Its. per square 
mile. The cadastral operations introduced into the North-West 
Provinces in 1871-72 had entailed very considerable labour in the 
publication of the maps, so it was arranged that al)out 5,000 of the 
sheets should be lithographed at Allahabad under the ordoi’s of 
the Board of Revenue, while an equal number were <lealt with at 
the Surveyor-General’s Photographic Branch. Tlio Soane Irriga- 
tion maps, which were on a still larger scale, Avere most of them 
handed to a Calcutta firm for reproduction. 

About this juncture an important question arose as to the success 
of the Survey Department o])erations in tin? Ijowor Provinces of 
Bengal, and the Board of Revenue expressed their opinion that the 
surveys necessary for settlement jairposcfs might be done at far loss 
cost by non-professional agency. This opinion led to the ]u-cpara- 
tion of an elaborate statement by General J. T. Walker, the folloAving 
extracts from which will give a good general idea of the three 
classes of operations : — 

1. The TojWjraphiad Survey, oh the \-inch scale. 

This survey is constructed hy the method of plane-tabling, on a Irigonomelricul 
basis, *in such a manner as to exhibit the positions ol* towns and villages, the courses 
of rivers, the general features of th(‘ ground, and as much detail as the scale av ill 
admit of, with a sufficient degree of accuiacy for the rcquireim'iits of a gtnicral topo- 
graphical map on the 1-inch scale. The sur\cyor goes over the ground with his 
plane-table, which ho sets np at a suffunent uinnher of jioints to enable him to * cut in ’ 
all the most prominent objects and to sketch the general fi‘atiircs of tlie country ; the 
number of these points, culled ‘ phiiu'-tahlc station.Sy’ Avill vary with the' nature of 
the ground, being few where it is flat and open and numerous when it is hilly and 
rugged. In all cases the j)hine-tabler acliially goes over only a comj)aratively small 
portion of the ground, Ihe greater part being sk(‘tchcd in from his stations. Ho 
surveys no village boundaries, but only the prineipal boundaries, vis., those of the 
British districts and the Native Sta(<;s ami tlieir sub-divisions when they have Ip-im 
demarcated beforehand.” 

The plane-tabliug executed during the 10 years 1867-GS to 
1876-77 was perfoi'med at the average speed of 55'S square miles 
per menoem for each surveyor employed on tJiat class of Avork, and 
the total cost of the surveys during the same period, including 
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triangulation, calculation, mapping, and supervision, averaged 
Ks. 21-12 pur square mile. The agency employed was mixed 
European and Native, the former element slightly predominatihg 
and taking the greater share of the plane-tabling in hill districts 
and difficult ground and the lesser share in the plains. 

2. The Village or Muzaivar Survey, on the 4-inch scale. 

“This survey is also constructed by the method of pljine-tabling, but on a basis 
formed by carrying traver.^es (with tlieodolitcs and chains) round the boundaries of 
villages, insU ad of on a triangulated basis. The usual details of the ground arc laid 
down by the idane-tabhtr, who is also required to delineate the liiirts of the land 
which ha))])en to be rosj)ectiv(‘iy cultivated, tallow or waste at tln^ time of survey. 
For this reason and because of the larger scales of survey, the jdanii-tabh'r has to go 
over the ground very inmdi more closely than in the Tojui^raphical Survey, and his 
rate of ])rogress i.s ))ro}>or1ionally slower.’* 

The total cost of the survey during the 10 years above moutioned 
averaged £s. 5.‘1 per square mile. As a rule the Avhole of the plane- 
tabling was done by tho natives, the Euro2)cans (who wore in 
the proportion of one Euroi)ean surveyor to about four natives) 
being ciiqdoycd on the traverses atul calculations and in supervising 
and cbcckiug the natives. 

H. The Cadastral Survey, on the \Q-lnch scale. 

This survey is described at jAages 182 and 188 of the ‘‘Memoir 
on tho Indian Surveys.” It is constructed on the basis of the 
traversed boundaries of the villages, but the whole of the interior 
details of tho fields are obtained not by plane-tabling, as in tho 
previous instances, but by systematic chaining, Avhich is 'duly 
recorded in field books, and is thus available for future reference 
whenever it may bo Avauted. Tho agency consisted of about one 
European surveyor to four Nativ^e surA^eyors, iii addition to 17 
measuring amius. Tho Europeans were wholly em^iloyed on the 
traverses and calculations and in siqiervising the natives and 
testing their work by running check lines over it. The rate of 
progress was very variable, depeiidiug mainly on the average size 
of tho fields, which in certain districts Avas one acre and in others 
two acres. 

The work was comjiaratively new to the Department, having 
been commenced in 1871-72. Thus, in 1878, only six years’ figures 
were available for purposes of comjtarisoii, and as during the first 
part of the time the surveyors were learning their work, the rates, 
which gave a general average of Rs. 105 per square mile, were 
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scarcely a fair critoiion. It may be observed, however, that even 
these rates are almost identical with the average rate of the cadastral 
surveys under the Madras Government which averaged Rs. 1G2 
during the nine years 1804 to 1872. 

The relative intrinsic vcilnc of the three classes of survey. 

Comparing the foregoing processes, it is seen that the rates in 
1878 wore Its. 22 for the toj)ographical 1-inch, Rs. 53 for the 
village or mouzawar 4-incli, and Rs. 105 for the cadastral lO-inch 
survey. For a cheap and fairly accurate first survey of India the 
first-named is best, .and as a basis for the engraved general Atlas of 
India iiotliing could be more admir.able. The umz.aAvar or village 
survey affords a careful record of the village boundaries and a valuable 
check on the field measuremouts by the andns. But the cadfistral 
survey, though it costs about thr.'c times as much as the second 
and seven and a half times as much as the first, has been pronounced 
by the Surveyor-General to bo the cheapest of all considering the 
amount of inform.ation it gives. In the above rates the cost of 
publication was not included, and as this was so seriously heavy in 
the case of the cadastral surveys, a S])ecial branch, at a cost of 
Rs. 30,000 per annum, Avas added to the Bhoto-ziucographic Office 
to meet the ror|iuromonts of the 10-inch North-West Provinces 
survey^. In Bengal, on the other hand (Avlioro oxteusiAm tracts of 
country had been brought under irrigation by tho Soane and other 
canals, necessitating fresh surveys for Avatcr assessment purposes), 
the* fields Avere found to be generally so much smaller than in the 
North-West that it Avas necess<ary to increase the scale in some 
districts to 32 inches to tho mile, a step Avhich involved tho 
production of four times as many maps for a given area as in tho 
North-West Provinces, and an addition of Rs. 20 per square 
miles to tho cost. In the Govcriuuent estate of Khurdah, in the 
province of Orissa, the average size of the fields first surveyed was 
oven smaller than in tho Hoaiio irrigation tracts, or only one- 
seventh of an acre. This and other causes raised tho cost of 
settlement and surveying together to an amount equal to about 
six years’ accumulation of revenue. 

In 1877-78 the number of revenue parties Avas reduced to 11 fuD 
strength and two small parties, Avho Avorked in tire following 
provinces, tAvo 'umzawar parties in tho Punjab, four cadastral in the 
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Nortli-West Provinces, four in Bengal, two in Bombay, and one in 
Assam. 

On tbe Slst December 1878 Major-General Vanronen retired from 
the post of Superintendent of Revenue Surveys, after 39 years’ 
service under Government, of which 32 had been passed in the 
Revenue Survey Department. AVhen that branch of the survey was 
separated into two circles in 1 806 ho was appointed Superintendent 
of the Lower Circle, and subseqiK'iitly on their re-amalgamation in 
1876 ho became Superintendent of Revenue Surveys. He loft behind 
him many evidences of valuable woih which had been carried out 
under his supervision, first as an executive officer, and afterwards as 
administrator of a lai-ge department. Ho was succeeded by Major 
J. Sconce, S.C. 

The Punjab . — The Dera Ismail Khan, Bannu, and Rawal Piiidi 
Districts Revenue or Muzuwar Survey on the 4-inch scale was 
continued by Major-General Johnstone, C.B,, np to the close of 
the season 1877-78, when he retired aftei’ 35 years’ service, during 
23 years of Avhich ho had been in charge of a ])aity. General 
Johnstone is mentioned as a talented anil able officer, Avith con- 
siderable experience of the frontier and the tribe.s inhabiting the 
same. 

Two surveyors belonging to this })arty, Messrs. G. B. Scott and 
A. J. Gibson, were attached to the expeditionary columns under 
General Keyes and Ross into the JoAvaki country, and Avith the 
exception of about 50 square miles of the hills occupied by the 
Hassan Khels (being the easternmost portion contiguous to British 
territory) the Avhole of this country Avas surveyc-d on the 4-iuch scale. 
Captain Beavan and Mr. Scott also made a rough but fairly accurate 
map of the Kohat jiass, Avith the hills, villages, and other adjacent 
features. In the following year the Bannu district Avas completed 
under Lieutenant-Colonel Macdonald, and the survey of the military 
camps near Murree was undertaken, in addition to the ordinary 
work, in 1881. In 1882-83 the Thai country of Muzaffargarh 
district, at the extreme south of the area of work, was taken in hand 
by one section of the party Avhile the other surveyed the Kala Chitta 
Pahar, a wild gloomy tract in the north of the RaAval Pindi district, 
which a quarter of a century ago had a bad reputation as a place of 
refuge for robbers and murderers, but Avhich has since settled down 
under the quieting effects of British rule. 
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Tliis completed the work iu the three districts of Dera Ismail 
Khan, Mxizaffargarh, and Rawal Pindi, and in Octolier 1882 
Lieutenant-Coloiiel Macdonald and his party were transferred to tho 
Hissar district of tho Punjab. Here it was arranged that tho 
survey should bo on the 2-ineh in lion of tho 4-inch scale, but 
including tho survey of village boundaries and tho (ioterraination of 
village areas. A special feature was the inclusion by traversing of 
points (to bo marked permanently) in tho interior of village lands 
at a distance of about half a mile one from another, so as to serve 
as a basis of a cadastral survey to bo carried out by ixttmiri/'' under 
tho Settlement Department. This is something like the sysUnn of 
marks ])laced in the case of tho British Bui’iua cadastral surveys at 
selected stations whore extensions of cultivation are likely to occur, 
but iu Burma the marking has nut been done iu tho same regular 
and systematic manner as in Hissar. Two sets of to])ogi'aphical 
maps were arranged to bo drawn, one showing alt tho details as 
siii’veyed for rojmoduction on the 2-inch scale ; tho sc'cond set with 
tho details somewhat goneitiliscd for reduction to the 1-incli scale. 
Village boundaries wore to bo showm on both sets of maps. The 
theodolite stations, after a good deal of discussion, w('ro linally 
arranged to be marked by concrete blocks, which (loloncl Macdonald 
caused to be manufactured under his own personal supervision. A 
receipt was taken from tho patwari in every village for tho number 
of blocks used in his village. The Hissar upend, ions were completed 
on tho 10th April 1884. 

In tho season 1884-85 the operations of the; party (now iu charge 
of Lieutenant-Colonel V. Coddington) were greatly modified. 'I'ho 
objects of the survey were (1) to furnish a basis for and a check on 
the patwari measurements under ])rogre.ss in the Sub- Himalayan 
districts of the Punjab ; (2) to obtain a new and revised series 
of tho existing topographical maps, Avhicli Avero very old and 
deficient iu details, by utilising the settlement map.s prepared by the 
patwaris ; (3) the survey of all tho riverain tracts subject to 
flu-vial action. To these ends tho folloAving procedure Avas agreed 
upon, viz., (a) that in the districts Avhich had been recently surveyed 
by the patwari agency an attempt slioukl be made to construct 
topographical maps on the 2-inch scale from the patwari maps on 
the basis of the old professional survey traverse data ; (A) tliat iu 
districts iu which the patAvari survey had 7iot yet ))een made, 

m - -- - 

* Village accountants wliu keep the land records of the village. 
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skeleton traverses should be run, fixing as a minimunai two points 
in each village to serve as checks on the patwari measurements, and 
as a basis on which the topographical maps could bo framed from 
the patwari maps when constructed; (c) that the topographical 
maps so compiled should be locally tested and the details corrected 
and completed when necessary. The work lay in the districts 
of Firozpur, Jalandhar, Ludhiana, and Umballa, and in the 
Kapurthala State, and the result of the year’s experience was to 
show that the patwari maps of the settlement survey were capable 
of being utilised for the construction of topographical maps on a 
small scale when based on a scientific framework comprising all the 
trijunction marks of villages. The errors of survey were not greater 
than such as became eliminated in the process of reduction. 

In 1885-86 work was pushed forward in each of the above- 
mentioned districts, as well as in Gurdaspur and Hoshiarpur. The 
reductions from the settlement survey maps when tested were found 
to be very correct representations of the ordinary to})ographical 
features, and only a few omissions had to be supplied by new 
surveys. During this and the following seasons up to 1888 the 
nature of the detailed work was thus described : — 

(1.) The skeleton traversing of villages for the purpose of 
determining the co-ordinate distances of trijunction 
points, and the projection of maps of the trijunctions on 
the scale of two inches to the mile. 

(2.) The insertion of topographical details on those maps by 
rediiction from the settlement survey village maps. 

(3.) The testing and correcting (where necessary) the reduced 
maps by examination in the field. 

(4.)* The drawing of fair maps on the 2-inch scale. 

(5.) The re-drawing of the old 1-inch maps of the Sikh States to 
complete the portions of those territories falling within the 
present continuous series of standard maps. 

Reductions to the scale of the Atlas of India have been drawn from 
all the standard-sized sheets compiled, covering a total area of 
11,880 square miles, and furnishing materials for the revision of six 
of the engraved plates of the atlas. 

Captain E. H. Steel’s party (No. 2 Revenue), completed the 4-inoh 
village survey of Rohtak in 1876-77, and continued that of Sirsa in 
that and the following season, rendering an excellent out-turn in 
1877-78. The cultivated tracts close to the rivers were often 
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difficult to distiuguisli, for land which to an ordinary traveller would 
appear nothing but a sandy waste is often a mass of cultivation, and 
’barley may be seen forcing its way up through several inches of 
drift sand. In the following season the survey of Sirsa was com- 
pleted, and the party abolished in accordance with the reductions 
then determined on. 

On the completion of the Ganges Doarah Survey, Major Wilkins’s 
party was transferred to the district of Saharanpur, in the North- 
West Provinces, for tho purpose of i*o-surveying it on the 2-inch 
scale (in connexion with other districts of the North-West Provinces), 
so as to show tho pargana or fiscal boundaries, the village trijunction 
masoniy platforms being used as theodolite stations for tho traverse 
survey, and the village boundaries being inserted from the settle- 
ment maps. As tho survey was for topographical purposes and not 
as a check upon settlement operations, it was held unnecessary to 
crowd in miriuie details of cultivation, oulturablo waste, or jungle 
lands, and it Avas arranged that tho survey should include large 
patches of waste, barren as well as culturablc, the general outlines 
of cultivation, tracts of jungle, limits of forest reserves, roads, 
drainage in all its ramifications, tanks, village sites, temples, 
embankments, &c. In short tho same details as those reejuired in 
the usual village by village 4-inch nnczaivar survey, but (jencralisrd. 
Tho Government forest lands having been elaborately surveyed by 
the Forest Survey Branch on tho 4-incli scale from the Siwaliks to 
the base of tho hills, there was no necessity for going over this 
ground. Tho details of the two surveys where they met agreed on 
the whole very well. Tho travmrso survey was connected with four 
principal and nine minor stations of the Gi’eat Arc Series, these 
being all that could bo idonlilied, a matter which could cause but 
little surprise, considering that .OO years had elapsed since the 
triangulations took place. Endeavours were made to use the 
azimuths of the sides of the principal triangles, but the heliotrope 
flashes could not bo seen, tho probable reason being that the view 
Avas intercepted by trees that have grown up during the last 50 
years. 

During 1878-79 the survey of the Muzaffarnagar district was 
commenced, and that of Saharanpur district was completed with tho 
exception of the village boundaries on the Jumna and Ganges 
rivers, which were adjusted and mapped during the following year. 
A 4-inch survey of the riparian villages in the TJmballa district was 
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also undertaken, so as to supply accurate maps of the alluvial valleys 
adjoining some of the larger rivers, which would show village 
boundaries and the course of the stream, with the accretion andr 
decretion of lands since the iast surveys were made. The Muzalf- 
arnagar district was completed during 1879-80, and the special 
survey on the 4-inch scale of the villages subject to fluvial action 
was extended so far as the Jumna forms the common boundary of 
the Karnal district of tlie Punjab and the Meerut distiict of the 
North-West Provinces. 

The success of the system of transferring the village boundaries 
from the settlement field maps to the survey maps was found to 
depend entirely on the accurate identification of the points adopted as 
trijunctions of village boundaries by the settlement survey. In 
1880-81 the to2)ographical survey operations were continued in the 
Meerut district as well as the 4-inch survey of the line of villages 
on both banks of the Jumna river. In the following year Major 
Wilkins w'as transforreil to Buiana, and, after a brief interval, Mr. E. 
T. S. Johnson assumed charge. The work was continued on the 
same lines as in previous seasons, and areas were traversed in districts 
Bulaudshahr and Aligarh, in preparation for the next yeax’’s topo- 
graphy. Mr. Johnson retired on the 29th A])ril 1888, aflej’a lengthy 
and useful service under (Government. After Aligarh, Etah district 
was next undertaken, but at the close of the season the work was 
suspended, as the Government arriv(!d at the conclusion that the 
existing revenue settlement maps, in spite of their imperfections, 
Avould answer all revciiuo requirements, and that surveys in other 
provinces were more ux’gently required. The party was therefore 
withdrawn from the Etah district, and it was arranged that they 
should be employed in the ensuing season on the Ajmir-Merwara 
district boundary survey. 

North-West Provinces . — The revenue survey of Moradabad in 187(5- 
77 was on the cadastral system, which is described at ixagos 182 and 
183 of Mr. Markham’s “ Memoir on the Indian Surveys ” (2nd 
edition). The scale Avas 10 inches to the mile, and the work was 
connected with the fixed points of the Great Trigonometrical Survey, 
The operations were also extended into District Biiclaun, but here 
the scale Avas reduced to four inches to the mile, and the survey was 
of the ordinary muzawar or village by village character. The 
cadastral measurements in Moradabad wei’e completed in 1877.j and 
the village survey of Budaun in the ensuing year. Ghazipur was the 
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next district taken in hand, but hero it was decided that the 16 -inch 
cadastral scale should bo reverted to. Various improvements in the 
|)roccdure were devised, one being a change in the scale of the 
general maps reduced from the cadrastral surveys, from foin’ inches to 
two inches to the mile, and an alteration in the style in which they were 
drawn, admitting of tlieir being further reduced to the 1-inch scale 
in the photographic office at Calcutta, without tho necessity of being 
drafted afresh. Another improvement effected was that no field 
books of field measurements were pi'cparcd, tho measurements 
being plotted instead on the onginal plans at once in the field, 
while the Settlement Officer, instead of being supplied, as for- 
merly, with skeleton hhusrai^, or field registers, was supplied with 
copies of tho field area calculation books, which required uo 
additional labour in tlieir preparation, as they ai*e made in 
duplicate. It was calculated that from these two simplifications, 
viz., doing away with tho field books of measurements and the himsras, 
about 100 additional square miles were surveyed during that season, 
and the cost of tho work was reduced by 30 rupees per square mile. 
In 1882 Grhazipur was completed and Ballia (commenced in tho 
previous season) was continued, but in tho case of some of tho 
villages in tho latter district, the small size of the fields necc'ssitated 
an increase in the scale to 32 inches to the mile. A 4-inch survey 
of a line of villages in the Shahabad and Sarun districts of Bengal, 
on tho*banks of the Canges, and Gogra, opposite to Ghazipur and 
Ballia, was also put in hand, tho Government of Bengal luiviug taken 
advantage of the presence of fhc surviy officers to Iiave a reliable 
map of the low-lying country liable to inundation, with full <letails 
of the village and estate boundai'ies, in one seiios of mii.j)S for both 
provinces. 

In 1882-83 tho operations had reached the Benares district, and 
here a very important change was introduced, in that the field 
surveyors, who hitherto had prepared maps only, liad now tho duty 
assigned to them of also writing tho k/iusnifi or field registers, 
including the names and record of rights of the proprietors and 
tenants. The additional work of Ichusra writing had already been 
given during the preceding season to the cadastral party employed in 
the Mirzapur district, but there the system differed somewhat from 
that adopted for Benares. In Mirzapur tho IcJiUsra-vfniing and 
nothing more was done during the season of survey, tho jamahmuW' 
• Kcut-roll8 showing the numbers of tlic tields belonging to each tenant, uucl the rents. 
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slips being compiled from the hlmsras during the ensuing recess, and 
both lihusras and slips being then completed by having the field areas 
entered in them. The papers wore then ready to bo handed to the, 
settlement staff, who took the field the following season to attest the 
jamabandi entries, and complete all other papers connected with the 
record of rights. The Benares system was for the settlement staff 
to take the field along with the survey staff, and for the two depart- 
ments to work in co-operation, so that all the papers could be 
prepared in one season. Briefly stated the system was: — 1st, the 
settlement staff supplied the survey amins with such information as 
would enable the entries in the hhusras, regarding the shares of the 
proprietors and the occupancy rights of the cultivators, to be correctly 
recorded. 2nd, the village patwari accompanied the amin during 
the survey, and wrote a copy of tho JcJmsra exactly similar to the 
amin’s copy (except that it was in theNagri instead of in the Persian 
character), writing also concurrently in the jamabandi slips, which 
had been previously distributed to each cultivator, the “ numbers ” 
of the fields as they were surveyed. 3rd, the paiivari’s copy of tho 
i.husra and t\iG jamabandi slips were at once made over to the settle- 
ment staff, with a manuscript tracing of the village map to allow of 
any disputes being settled. 4th, the computations of field areas were 
then carried out in tho survey ofiice, so as to complete the Persian 
copy of the khumi, which was then made over to the settlement 
staff, who in due course transcribed the areas on the jamabandi slips, 
and thus prepared these for final attestation. The exact procedure is 
explained in a joint memorandum drawn up by Mr. F. W. Porter, 
frettlement Officer, and Major W. Barron, Deputy Superintendent of 
Survey, which is given at pago 88 of the appendix to the Surveyor 
(leneral’s Beport for 1882-83. 

After six months’ trial of the system, these two officers submitted 
icports on its working, showing conclusively that very great 
advantages ensued from the joint inter-working of the settlement 
and suivey staffs, while the additional duty of khusra-writing did 
rot add to the cost of the survey. 

In 1883-84 Basti district came into tho field of operations, and 
^lajor W. Barron, who had conducted the work for several years 
w ith great zeal and ability, was granted furlough to Europe through 
ill-health, Mr. G. H. Cooke, first, and Major S. H. Cowan, next, 
assuming charge. In 1884-85 certain modifications were intro'duced 
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into tliG Benares system, and tUo entire pi’eparation of the rough 
record, including the Hindi portion, and all such assessment statistics 
9.8 could he compiled with suflBcient accui*acy pi'cvious to attestation, 
were made over to the Survey Department. The settlement decided 
to retain, however, a staff of settlement miinsarims* to check the soil 
demarcations and the records of certain villages as they were being 
written, and to submit special reports on the accuracy of the 
hhanapuri.'f 

The cadastral survey of the Basti district was completed in 1888, 
having been begun in 1883-84, The total number of villages was 
7,G15, the area in square miles was 2,815, and the number of fields 
5,260,420. liegarding the value of the village papers prepared by 
the survey party during previous seasons, the Settlement Officer of 
Basti, in illustration of the satisfactory manner in Avhich the rights 
of the occupancy tenants were safeguarded on this occasion against 
the designs of the zainindars, prepared a table for five parganas, 
viz., Ainonha, Nagar West, Nagar East, Basti West, and Basti East. 
The tabular statement of the total areas for these five parganas 
recorded in the papers of different “ Fasli” years were as follows: — 


Areas held by Occupancy Tenants. 


According to Annual Statement j* prepared in 
Sadur Kanungo. 

the Office of Di«trict 

According to Survey 
Records after Attestation 
by Settlement. 





F. Y<yir 1289. 

F. Year 1290. 

F. Year 1291. 

P. Year 1292. 

53,766. 

i 

67,180. 

44,650. 

100,199. 


From the above it will be seen that the total area was far less in 
the year 1291 (the year before survey) than in previous years, which 
shows that the zamindars had got the pahvaris to enter a number of 
occupancy tenants as “ non-occupancy ” tenants, in the hope that they 
would bo similarly recorded by the survey. The figures for 1 292 
show how eminently successful the new and accurate system of 
survey was in defeating this fraudulent attempt. 


* Inspector®. 

f Filling up the columns of the hhusra. 
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Besides tlie Basci operations, cadastral and topographical surveys 
by thrco sections of the same party were carried on in Mirzapur 
district. The 'pahmris were here trained and partially omployod 
under professional supervision, so that they might bo capable of 
measuring the fluctuating cultivation year by year or as might be 
necessary. 

Under the supervision of Colonel F. C. Anderson, No. 5 Kevenue 
Survey party was engaged in 1S7G-77 on the cadastral suiwey of the 
Mathura and Banda districts of the North-West Provinces. During 
the following seasons the permanently settled district of Mirzapur 
as well as portions of the Terai were also surveyed by the same party 
up to 1883, when Colonel Anderson retired. He had been connected 
with the Department for 31 years, and had held charge of No. 5 
party for 27 years, during which he had conducted the 4-inch 
surveys of districts Leiah, Muzafiargarh, and Shalipur in the Punjab, 
and districts Partabgarh, Rai Bareilly, 8ultanpur, Sitapxir, Kheri, 
and Gonda in Oudh ; and had been connected with the departmental 
cadastral surveys since their introduction in 1871-72. In 1860 
Colonel Anderson was appointed one of two British Commissioners 
for the settlement and demarcation of the boundary between Oudh 
and the territory ceded to Nepal, and received the thanks of the 
Government of India for his services on that occasion. 

The party was then transferred to Gorakhpur district, North-West 
Provinces, where Major J. F. Sandeman assumed charge, the system 
of survey and record writing being generally that followed in 
Benares, with this important modification, that — 

(1.) Tho Survey Department completed the records and was 
responsible for their accuracy. 

(2.) The attestation was made after the completed records had 
been lodged. 

It was felt that it was a defect in the Benares system that the 
attestation of tho records had to be done before the areas were 
entered. This was remedied in the Gorakhpur system, while there 
was a great check on bribery and corruption from the fact that the 
patwari pi’epared a duplicate record on the spot for eveiy field and 
a duplicate of the dispute list. These modifications were devised by 
Mr. J. D. La Touche, Settlement Officer, and Major Sandeman. The 
classification of tho natural soils was undertaken for the first time 
by the Survey Department, who had also to comyjilo the statistics 
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for assessment purposes comprising the soils, irrigated and dry ; 
the details of soils under cultivation ; the tenures of the holdings ; 
the cnlturable and barren areas ; the areas under different crops ; 
the cultivators, showing the numbers in each caste and the 
areas cultivated by each caste, and all agricultural statistics with 
respect to wells, ploughs, cattle, &c. The duties and responsibilities 
of the survey officers were much increased l)y these arrangements, 
but there was every prospect of an increase in the accuracy of the 
records and eventual economy. The boundary^isputes were very 
numerous during the following season (1884-85), no less than 1,800 
of the villages surveyed being affected thereby. These dii^putes 
appeared to be duo to the old defective field majts, which when 
adjacent invariably overlapped each other, so that the .same ground 
appeared in both, and much litigation and ill-feeling was thereby 
cau.sed among neighbouring zamindars. 

The total cost of the operations done by the Survey Department 
amounted in 1884-85 to 4 annas 3 pies ])er acre, a rate which com- 
pared very favourably with the old rate for fitdd surv(!y alone. This 
was not due to larger fields, for the average size of those in (loi’ahlipur 
was only half an acre, but it provc'd Avhat survey officers have always 
urged, that the work would be done not only better but more cheaply 
if the Survey Department I’ccorded the rights of ])roprietor8 and 
tenants at the time of survey, for it has been conclu.sively proved 
that coiTcct field boundaries cannot bo obtained otherwise, as the 
people will not attend unless tho;y know that tlicir rights are being 
recorded. The expenditure of fhe Settlement De])artment Avas 
exceptionally high, due to complicated temires, minute holdings and 
numerous disputes, and this served to raise the cost of the complete 
operations to Rs 410 j)er square mile. 

The survc}' was continued on the same lines in i 885-8(5, but in 
1886-87 an endeavour Avas made to employ the district hruM'iKjos^' in 
place of the survey munsarims ; the experinumt however failed, as 
the men were found to be too ignorant for the purpose. Dcre, again, 
in the case of one the survey operations rosulled in the dis- 

covery of twice as many occupancy tenants as had been returned by 
the kanungos four years previously, the fact being that the presence 
of European surveyors encouraged the tenants to assort their rights 
more fearlessly than they could otherwise have done. The suiwoy of 

* Ueveiiue ollicial iindia* the tsihsildar. 

I Poitioii oi* H district divided off for revenue piirposea. 

\ Y 20321. H 
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Gorakhpur was completed in 1887-88 after five seasons’ work, 
and a further grant was sanctioned by the North-West Provinces 
Government which it was expected would enable the cadastral and 
topographical survey of the Tarai district, already commenced, to be 
finished during the next season. A scheme, submitted by Colonel 
Sandeman, was also approved for the reconstruction of maps and 
revision of records of the Jhansi district, entirely through the agency 
oi patwaris, who, it was anticipated, would carry out the survey and 
write the records, each in his own circle, in two years. The cost was 
estimated at Rs. 40 per square mile. 

Beiujal . — The Eastern Soane Irrigation cadastral survey in the Gaya 
and Patna districts was practically all but completed by Mr. E. T. S. 
Johnson in 1876-77, and the party transferred to the North-West 
Provinces to take up the cadastral survey of the Jaunpur district, 
beginning at its south-western extremity, bordering on Oudh and 
Allahabad. Operations were continued through four seasons, and 
finally concluded in 1881. The general maps of the district reduced 
from the cadastral shoots consist of 23 standard-sized maps on the 
2-inch scale. 

A part of the establishment previously employed on the Jaiinpur 
cadastral survey was deputed to Sylhot for the purpose of testing 
the accuracy of the old mahahvar* ma])S, prepared by a local 
establishment in 18G2-G4. Three blocks of villages in different 
parts of Sylhet were selected, the test consisting of a complete 
cadastral or field survey, while the surveyors were required to 
prepare at the same time the village registers or Icliasms. The* old 
surveys had been laid off by magnetic bearings, taken at each bend 
of the thalclmst or village boundary, a system which often resulted 
in errors, so that the polygon would not close, while contiguous 
either overlapped or would not meet on the map. It was 
evident from the comparisons that a large amount of careful and 
laborious work had been done during the mahalwar survey, but 
there were also numerous and large discrepancies brought to 
light. 

A cadastral survey of the Khurdah estate in the Pooree district 
of the Lower Provinces, on the scale of 32 inches to the mile, was 
commenced in 1876-77. The cost was high owing to the small 
size and intricate nature of the fields, and the difficulty in inducing 


^ Mahal, a separate estate. 
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tho Ooriyas or mon of the country to act as andns. The ojwrations 
were in cliarge of Mr. R. B. Smart, an officer of considerable 
e*xperienco. In 1878-79, however, the Bengal Board of Revenue, 
on account of the high cost of tho operations, advocated a new 
system, under which a large portion of the work hitherto performed 
by tho professional party would be undertaken in future by the 
Settlcmout Department. A meeting of civil and survey officers 
consequently assembled at Cuttack in Fel^’uary 1879, and after 
consideration a still larger transfer of duties to the Settlement 
Department than at first contemplated was decided upon, it being 
arranged that for tho remaining villages of the Khurdah estate 
the professional party should execute a traverse survey of tho 
village boundaries and prepare skeh'ton ma])3 of villages. These 
skeleton maps were to bo made over to the Settlement Department 
to enable them to carry out all interior measurements. Biit any 
hills falling within the villages were to bo surveyed by the 
professional party on the 4-inch scale. Tho chief tract remaining 
for survey in 1879-80 — the viah or forest lands of Banpur — was 
known to be at all times unhealthy, and during that season everyone 
W'ho entered the jungles was sooner or later struck down with fever. 
Those rmls had never before been demarcated, and the inhabitants 
of the scattered hamlets had hitherto cultivated tho open patches 
of land without let or hindrance, escaping all taxation. It was not 
surjnising, therefore, that they looked upon tho survey as an 
innovation, and as far as possible avoided giving help, but thanks 
to the efforts of the Collector all difficulties as to sup])lies, &c. were 
surmounted. The whole of tho Khurdah estate was completed during 
the season of 1879-80, the general maps on the 4-inch scale being 
65 in number, of which 48 were surveyed by tho Department and 
19 by the Settlement Dt'partment. 

The 8th or Western Soane Irrigation party was engaged in 
1876-77 on cadastral surveys in the Shahabad district. It was 
supposed that the entire irrigable area of the district would be 
surveyed, but during October 1877 the programme was changed, 
and the area in Shahabad was greatly reduced. Major Sconce was 
in charge of tho party as well as of a section left to complete the 
cadastral survey of Patna district, and under his general supervision 
the work in both districts was completed. 

Major S. H. Cowan, who had assisted Major Sconce, was deputed 
during the following season (1878-79) to raise a small party for 

H 2 
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tlie survey of Cachar, and with the nucleus of some- men from the 
Western Soane party this was done. The operations in Cachar 
had become necessary on account of the pending re-settlement of 
the district, but owing to the old boundaries not having been 
permanently marked they could not be identified on the ground. 
Consequently a settlement establishment had to piecede the pro- 
fessional survey party, demarcate the mehal boundaries, and prepare 
ma})S of the boundaries by aid of tlu^ compass and chain for 
comparison with the maps of the cadastral survey. Under these 
circumstances the out-turn was not large, and after a conference 
at Shillong it was decided that in future the professional basis of 
the village boundaries of the cadastral maps should be continued 
through the agency of a small professional detachment under the 
orders of the Settlement Officer. 

In the Midnapur district a 4-iuch survey muzawar was 
progressing in 1876-77 under Mr. W. fame, wlio retired early in 
the season after a nsefiil and lengthy service of nearly dO years, 
and was succeeded by Captain W. II. Wilkins. At the close of the 
season a very small area in the jungle Mehal hills was all that 
remained to comjileto the district, and this was assigned to 
Mr. J. Todd for the next yeai’, the rest of the party being 
reconstituted for a cadastini survey of the irrigable lands of Cuttack 
i}i the vicinity of the Mahanadi river. The survey was undertaken 
for the irrigation Branch of tin; i’nblic Works Dei)artmont to 
facilitate the collection of canal water rales, and the entire expense 
was defraytsl by that Department. Captain 1). C. Andrew .was 
placed in charge till he was invalided by a sun-stroke and succeeded 
by Mr. E. C. Barrett. Operations were much delayed by the fact 
that the demarcation had not been ])ushod forw.ard and disputes 
had not boon adjusted in advance, but the survey was finished in 
1879, the greater ]jart of the work being on the B2-inch scale. 

In November 1879 a cadastral IG-inch survey of the Bassoin 
district of British Burma was started under the superintendence 
of Major D. C. Andrew. The country is largely intersected with 
creeks, all communication is necessarily carried on by water, and 
boundary lines had to be very frequently cleared through dense 
jungle. Major Steel, who had charge in the following season, 
reported promisingly of the Burraan and Kareni surveyors, but 
this favourable opinion was not endorsed by Majors Wilkins and 
Hutchinson in the succeeding years, as they found them slower than 



RKVKNU15 SUHVKVS. 


117 


Iliiidustania, and without, much ambition to become uwifuL A 
school for the training of Burmaiis as surveyors Avas established, 
Xind 89 youths qualified themselves by field training in the principles 
of filling in cadastral survey details, the British Burma Goveramont 
having made the possession of this certificate a sine qua non to civil 
employment, but Major Hutchinson did not come across a case 
of a Burman desiring to make field surveying a means of livelihood. 
In 1882 83 the survey of tin', town of Bassein on the 64-inch scale, 
at the expense of the municipality, was undertaken, and in the 
following season operations wei’e extended into the Hen/nda district, 
the surveys of both districts being brought to a close in IPbo, The 
party was then transferred to Behar to inaugurate an experimental 
cadastral survey of the Muzaffarpur district under Lieutenant- 
Colonel Barron, Major Hutchinson being transfernnl to Akyab. 

The cadastral survey of Muzaffarpur in Bengal, Avitli preparation 
of a record of rights, was undertaken experimentally under tlio 
Bong.d Tenancy Act, and as the operations were of considerable 
importance, involving as they did tlie great question of a thorougli 
statistical and geographical survey throughout the permanently 
settled districts of Bengal, a brief account of the circumstanco.s 
which led to the institution of the survey is here desirable. 

Tlie Indian Famine Commission, who reported in 1880, had laid 
special stress on the necessity of appointing village accountants in 
Bengal, and of instituting cadastral or field surveys in the same 
jn’ovince.* This Aveighty matter, closely connected as it was with 
the question of the relations between landloi'd and tenant in Bengal, 
very soon branchetl oil' from the more general recommendations 
of the Commission, regarding the establishment of Agricultural 
Departments and the organisation of famine relief, and became the 


* We recommend that the liody of vilhip* aecoiintiiiits Bhould every wlicie b<* put 
oil a sound and sati^fuetory foothi^ as responsible pul)lie ollicers, Avith a clearly <lelined 
set of duties, but Avith due consideration to the imporiaiicc of their permducut con- 
nexion with their own villages, and that whereas in parts of Bi'iigal and Sindh the 

class has ceased to exist tliroiigh long desuetude it should be resuscitated 

The lield survey, whieh supplies the basis of all agricultural statistics, should be 
pushed on in the pr(»vince.s where it is now in progress, and should he set on foot in 
Bengal, where hitherto it has not been introduced. In that province the expenditure, or 
the major part of it, should he borne by the landholders, who alone* derive advantage 
from the increasing value of the land, and who cannot without such a survey properly 
perform the duties imposed on them by their position.’’ (Command Paper C.-2e91, 
1880, p. <I0.) 
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subject of an important and lengthy correspondence spread over 
several years between the Government of India and the Secretary 
’ of State. The experiment of a cadastral survey and of the esta- 
blishment of village records in the Patna division of Behar was 
sanctioned by Lord Hartington in 1882,‘‘' but pending the larger 
question of the amendment of the Bengal Kent Law, nothing was 
done to give effect to that sanction. In 1884, Mr. Koynolds, one of 
the members of the Bengal Board of Revenue, submitted a full 
explanatory inemox'andum (based largely on a note of Mr. Bernard) 
describing the proposed survey and record of rights, and also the 
proposed maintemiice of the survey and records by introducing into 
Behar the North-Avest Provinces system of pat wan's and Icrnmniios. 
For this purpose a Patwari Bill Avas brought into the Bengal 
Legislative Council, and tlio survey and record operations were 
started in the district of Muzaffarjmr. But in 1880, Loi'd Randolph 
Churchill, avIio was then Secretaiy of State, in reviowing the whole 
situation, expressed Ins opinionf that the cost of survey and record 
operations in Muzaffarpur shoidd be borne AA'holly by the Govorii- 
ment, on the ground that “as the measiu-e at present is jmrely 
“ ex])erimental it Avould not be right to lay any part of the expense 
“ on the people.” At the same time. Lord R!«idol])h made a reser- 
vation as regarded the cost of the jxatAvaris, Avhich he had xio 
objection to see defrayed from local funds if then! Avere found any 
“existing customary source ” capable of being made fairly available 
for the payment of the nexv class of village accountants. The 
Government of India, hoAvever, in their x’ojdy plainly objected to this 
new idea of defraying the (ixpenso fx'oin general revenues, so that 
Lox'd Kixnberley, who had in the meantime taken office, thought 
that there was no choice left but to abandoix the survey, which was 
accordingly doxxe.J 

The stoppage of the survey gave rise to xnuch general regret. 
It had been desirable, in the first instance, to test the feelings 
of the people in Behar with regard both to mapping the holdings 
and to the coxicurrent inquiries into occupancy rights, as well as to 
ascertain the probable cost of the operations with the view of 

• Despatch No. 51 (Revenue), dated I7tli August, p. 190 of volume of Seleetions 
from Despatches for 1882. 

t In his Despatch No. 1 (Legislative), dated 7th January 1880. 

X Despatch to Government of India (Legislative), No. 21, dated 15th .July 1880. 
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their being extended, if matters should bo found favourable, to 
other permanently settled districts of the Lower Provinces of 
Bengal. The I’esult of the experiment, so far as the temper of the 
people was concerned, had been in every way satisfactory. The land- 
lords offei’ed no opposition, as had been feared they might have done, 
through their regarding the formal recording of the rights of the 
tenants as a restriction of their proprietary rights. The tenants 
did not object, as had been partly expected, to the measuring of 
their fields, through apprehension of an increase of I’onts, though 
it was also evident that they were still ignorant of the groat 
advantages accruing to them from the accurate record which was 
being made of their holdings. (Generally they wore found to be 
passively indifierent to the operations. The cost of the survey had 
been at the total rate of Rs. 2G9 ])er s(piaro mile, being Rs. 140 for 
survey proper and Rs. 129 for writing and com])iling the ]-ecords. 
These rates, however, Avero exceptionally high, owing to the opera- 
tions being new, anti several of the hands untrained. For Ihti 
ensuing season it was confidently ox]>ected that the cost tvould have 
been reduced to less than Rs. 200 per square mile, or below 5 annas 
per acre. 

But so useful and important a measure was iiot destined to be 
permanently abandoned, and the subject soon came to the front 
again. The Government of India, on in(|uiry into all the circum- 
stances, arrived at the same conclusion as that forjiied by the 
Surveyor-General, that the experimental survey in Muzafiaipur had 
really been a succe.ss and deserved to be extended.* And Avhon the 
matter came before Lord Cross, as Secretiiry of 8tate, ho accepted 
this favourable opinion, and finally rcvcj’sed the decision of Lord 
Eandolph Clnirchill as to the cost in the following terms : “ I fully 
“ agree in your opinion, that if the Avork is undertaken at all the 
“ cost of the survey and of the siibsecpicnt maintenance of the 
“ village record must bo kept Avithin the narrowest possible limits 
“ of cost, as the expenses will have to be defrayed by the classes 
“ and localities concernod.”f 

There is therefore every prospect that this survey will be resumed 
as soon as the people have recoA^ered from the loss caused by the 
scarcity of 1889. A beginning Avill thus bo made Avith a pi’opcu- 
cadastral and statistical survey of the permanently settled districts 

• Sir E. Buck’s letter to the Oovcrnincnt of Bcuj'Jil, <l;iic(l KJtli June 1888. 

t Despatch to India, No. 66 (Revenue), dated Itiih Aii;;ust 1888. 
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of Bengal, wLicli lias been liitberto one of the most urgent prelitni- 
naiy desiderata for acipiiring a thorough knowledge of the resources 
of the couritiy, and thus minimizing the devastations of famine.* * 

The Dearah Survey, on the 4-inch scale, in the districts of 
Faridpur and Bakarganj was continued and brought to a close 
in the year 187(5-77, the operations lying mainly adjacent to the 
Megna river, whei'o the country consisted partly of heavy jungle 
and partly of densely populated tracts with bamboo, betel, and 
cocoa-nut groves, and innumerable tanks. One of the principal 
objects of the survey was to fix and render poi'mancnt the village 
boundary trijunctions on and adjoining the large sand-banks and. 
islands, and 53G of these were so fixed din-ing the season. The 
weather throughout was unusually wet and stormy, and as the 
country under survey consisted of sand-banks and islands intersected 
by immense rivers, the crossing of these in small country boats is 
a matter of no small risk, (lajitain BamucHs, who was in charge, 
stated that the zemindars obstructo<l the survey as much as they 
could by refusing to attend or point out their boundaries until 
summoned to do so. The process of summoning caused a delay of 
15 days, when an agent would be sent to attend, who either pointed 
out a wrong boundary or prof(!Ssed entire ignorance and finally 
told the surveyor to put down any boundary he pleased. 

It was arranged that the i)a.rty shoidd undertake, during the 
following season, the topographical sinvcy of district Haharanpur, 
one of the 21 districts of the North-West Provinces, of which most 
of the records were destroyed in the Mutiny. The scale of survey 
was to be two instead of four inches to a mile. Village boundaries 
were to be omitted, but i)a'fganar\ and ilmnaX boundaries wore to be 
surveyed and mapped. 

In 1888-81) no fewer than seven parties and one detachment were 
altogether employed on cadastral surveys. Of these six continued 
the operations of the previous year in the Bilaspur district of the 

* (^ompjire the imper on Indian Agrienlture, read hy Mr. C. li. Markham, C.B., before 
the Society of Arts, on tlie 21st May 1875 : — “ Wlien we iind the cultivators well off in 
“ one district, depressed by |)Overty and want in another, or on the verge of starva- 
“ tion in a thin], wi* may feel sure that the.se differenee.s are to a great extent due to 
** want of c.vact, knowledge on the part of (he. rulers.” And Mr. Markham goes on to 
point out very ekiarly that a eadastral survey is the only satisfactory basis for acquiring 
such knowledge. 

I Subdivision of a district for revenue purposes. 

t Subdivision of a district for police purjK)So.s. 
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Central Provinces (whore the work was brought to a conclusion), in 
Bengal, the North-West Provinces, Assam, and Burma, while tlio 
seventh party was transferred from tlie North-West Provinces to 
start the survey of Jalpaiguri in Bengal. A small detachment was 
also formed for the commencement of the survey of Chittagong. 

Traverse surveys in the Punjab and Central Provinces were also 
carried on by six parties, those in the former being occupied in the 
construction of topographical maps by reduction from the village 
maps of the settlement surveys, and those in the latter in furnishing 
skeleton plots of villages for held surveys by patwaris working 
under settlement olficers. Four parties were also engaged in forest 
surveys in the Central Pi’ovinces in the Bombay and Madras 
Presidencies and in Lower Burma res})ectively, as well as a detach- 
ment in Bengal working in conjunction with the cadastral party 
engaged in the survey of Angul in Orissa. 

Bu(jli River and (hlcutta. — The want of a reliable survey of 
the ILigli riA'er had been long felt, and had been pointed out by 
the Torpedo Committee in 1871, by the Bengal Chamber of 
Commerce in 1872, by the Port Commissioners in 1875, and finally 
by the Port Officer of Calcutta, Avho had shown in 1881 that an 
exact triangnlation and to])Ographical survey of the banks of the 
river were also much needed as a basis for new river charts, and 
that the co-operation of the Survey Department Avas desirable. 
The Surveyor-General of India accordingly took advantage of the 
completion of the cadastral survey of Jaunpur district to depute 
the* party to take up the Avork on the ITugli. The tract to be 
surveyed on either bank varied from a quarter of a mile to a mile 
or more in width, and extended from about the 23rd parallel, near 
Kanchrapara Station of the Eastern Bengal Eailway, to close on 
22° 30', or about the latitude of Saugor lighthouse. Calcutta and 
its suburbs as Avell as the avIioIo of Saugor island were included in 
the area. From Atchipur soutliAvards the scale adojjted Avas 
six inches, Avhile above Atchipur it was 10 inches to the mile. The 
river soundings which did not extend above Calcutta Avere supplied 
by the Marine Survey Department under the supervision of 
Lieutenant Petley, R.N. The Hugh survey was completed during 
the season of 1882-83 by Major S. H. Cowan, the 16-inch portion 
being contained in 115 sections of uniform size, including one 
minute of latitude by one minute of longitude, and the 6-inch series 
comprising 14 maps. 
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In consequence of the growth of the capital, a re-survey of 
Calcutta had bocoino necessary, the former plan, executed in, 1847, 
by Mr. F. W. Simms, C.E., having been on too small a scale, and 
having since become quite out of date. In 1851 a survey of the 
boundary of holdings was commenced by Mr. W. Heysham, whose 
^^•ork lasted four years, and who converted Mr. Simms’s topographical 
maps into maps showing the holdings, with index numbers referring 
to a register of owners and areas. These, however, in process of 
time, had become useless through changes in proprietorship, but a 
newer and more correct set of registers had been begun in 1877. 

The “ Calcutta Survey Act, 1887,” became law on the 15th 
January in that year. The Deputy Superintendent in chai’go of the 
operations was empowered to inquire into and lay down boundaries. 
The scale adopted was 50 font to 1 inch, surface f('aturos being 
shown with the greatest minuteness, and iho underground lines of 
sewers, gas, and w'ater i)i[)os being subsequently added. There has 
been a great deal of delay caused by the failure of ])roi)riotors to 
attend when their boundaries were being laid down, and there is 
still a good deal of work remaining to bo done, including the house 
to house inquiry as to names of proprietors and boimdai’ies of 
buildings, and the drawdng of the fair sheets. The principal field work 
has been completed, but owing to the great difficulty in getting 
proprietors to attend, when the boundaries are being laid down, it is 
almost impossible to say when the last sheet wdll be published. 

Boiiihaij . — Owing to the famine the operations in 1876-77 of Major 
H. C. B. Tanner’s party in the Poona and Satara districts had to bo 
diverted to a part of the country wdiich was cpiite unprepared for 
survey, and where no triangulation had been done in advance, and 
this resulted in a smaller out-turn than usual. The nature of the 
survey was, as before, topographical, on the scale of two inches to a 
mile, based on triangulation and traverse. The levels and charts 
carried out by the irrigation officers wore incorporated into the 
survey sheets, and all the heights were connected with those brought 
up from the coast by Captain Baird’s Tidal and Levelling party, so 
that the true heights above mean sea-level were ascertained in each 
case. Every effort was made to utilise the maps of the Bombay 
Government Revenue Surveys, but as the work in this year happened 
to lie in hilly ground, whore these maps were found to be, as a rule. 
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defective, the efforts wero unsuccessful, tliougli good use Avas made 
of them in the succeeding season. In 1878-79 Major Tanner was 
employed with the Khaibar column of the Afghanistan Field Force 
and Major II. S. Hutchinson took charge of the South Deccan party. 
For one of the southernmost sheets (.'54) the scale of survey Avas 
increased to four inches to the mile ; but in other parts the old 2-iuch 
scale was adhered to. 

Major Hutchinson found it impracticaldc to utilise the topo- 
graphy of the Bombay maps, OAviug to the drainage and other items 
Wng imperfect and varying much in quality in different lo ‘nlities, 
according to the time at which it Avas done and the officer who did 
it. In 1880-81 the opportunity was taken by Major AndreAv, who 
had assumed charge, to survey some Avestern portions of the Nizam’s 
dominions Avhich adjoined the area of the party, as no maps Avere 
foi’thooming of the tract among the records of the old llaidarabad 
Survey. The general Avorlc was steadily continued up to 188(!, when 
the South Deccan party Avas witlidraAvn from the Bombay Presi- 
dency and transferred to the Central Provinc('s to carry on a 
traverse survey there in aid of a settlement survey. It had been 
em])loyed in the Bombay Presidency since October 1872, ami during 
the 14 seasons of its employment had surveyed in all, imder suc- 
ct'ssivc officers, a total area of 24,807 square miles, leaving about 
11,953 square miles incompleted. 

The 10th or Nasik, Poona, and Ahmadnagar party, under Major 
Macdonald, was occupied in 1877 in topographical survey in Ahmad- 
nagar district, the eastern partof Avhich adjoined llaidarabad territory. 
The countiy was generally flat and open, though hero and there inter- 
sected by a nctAvork of large and small streams. In the west the 
ground was broken and undulating, while in tlie immediate Aucinity of 
the Ghats it Avas a mass of hills, some very rugged and precipitous. 
The skeleton survey was a combination of triangulation and 
traversing, by Avhich the country was first covered by a network of 
triangles having sides averaging 10 miles in length ; the distances 
between the triangulated points Avero then traversed Avith the chain, 
thus enclosing main circuits, of Avhich the bearings and co-ordinates 
obtained by traverse Avero corrected to agree with the values of the 
points derived froin the triangulation. The city of Ahmadnagar 
was mapped on tho scale of 06 feet or one chain to the inch for the 
municipality, by whom the extra cost was defrayed. An excellent 
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descriptive report of tlio Deccan, its appearance, pliysical geography 
geological structure, chief towns, ports, manufactures, &o., is 
attached to the Surveyor-General’s Report for 1877-78.* 

The area allotted to this party having been nearly completed, the 
survey of the Koiikau or country between the Western Ghats and the 
sea was assigned to them in January 1879. The system and scale of 
survey (2-inch) were tlie same as those adopted for the Deccan 
topographical survey, and the triangulation was based on the South 
Konkan Meridional Series of the Great Trigonometrical Survey. 
Triangulation was carried on under great difficulties, as the agri- 
culturists burn the village refuse to supply ashes for the rice 
fields. The smoke of the fires added to the dense atmosphere near 
the sea coast covered the tops of the hills with a dense haze, and 
after 10 in the morning even the luminous signals wore not visible 
for over six or eight miles. The Deccan dacoits too roamed about 
the country cutting down signals and destroying marks. 

Captain E. W. Samuells Avas in charge of this party up to the 
llth September 1878, when he availed himself of two months’ 
privilege leave to recruit his health. Before the termination of his 
leave the Afghan war had commenced, and he and Major Tanner 
had to accompany the Khaibar column. Captain Samuells, after 
narrowly escaping from the enemy’s artillery fire while surveying 
during the battle of Ali Musjid, fell a victim to fever on the 
21st DeceraJjer 1878. He had entered the Department in December 
1863, and had held charge of different parties for abont six years 
altogether. He had served in Bengal, Assam, the Deccan, and on a 
special boundary survey of the Oudh and Nopal frontier, and was 
an energetic and zealous officer. 

In 1879-80 the North Deccan party was divided into two sections, 
one being engaged in completing the portion of the Deccan allotted 
to the party, with which was included the Ashti taluk of the 
Nizam’s dominions, as it is sun*ounded by Deccan country. The 
second section commenced the topographical survey of the Koiikau, 
where preliminary triangulation had been done during the previous 
season. The 2-inch scale was continued as in the Deccan, but the 
village boundaries were obtained by direct survey, as it Avas found 
that the transfer of the boundaries in such hilly country from the 
Bombay Revenue Survey maps would not have been satisfactory. 


• Appendix, p. 129. 
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A picturesque description of the Konkan, from the pen of Colonel 
J. Macdonald, finds place in the Surveyor-General’s Report for 
1^79-80.”' Colonel Macdonald remarks on the few remains of fine 
buildings throughout the Konkan, showing the traces of Muhammadan 
occupation, and ho observes that, considering the importance they 
attached to the trade and intercourse with Egypt, Persia, and Arabia, 
and that they were supreme in power from the fourteenth to the close 
of the sixteenth century, it is strange there are not more traces of a 
governing race which built like giants and finished like jewellers. 
Of the Marathas, who date from the middle of the seventeenth 
century, the gr(!at hill forts are the most characteristic structures. 
All these are constructed on the same principle, the top of the fortified 
hill being sxiiTOundcd by a bastioned wall, and any necessary outwork 
being connected by an excavated passage with the main work. Some 
of these forts show stupendous labour in rock-cutting. The eastern 
districts arc terribly denuded of forest trees. Every effort is made 
to ])romote jungle growth, but Ofdonel Macdonald considers that 
centuries must elapse ere the injury to agriculture caused by the 
folly and greed of one unthinking generation can be ([uite forgiven 
by nature, and that the rainfall in the upper basin of the Godavari 
and Kistna rivers will bo most precarious for many years to come. 

The pi’ogrcss was slow in the following year owing to the high 
and difficult hills covered with forest or marshy flat country cut up 
by tidal creeks, about A\diich the work lay. The suburbs of Bombay 
were very intricate, and the hill sanitaTium of Mathcfan find Bombay 
harbour also ])roved difficult pieces of work. The fort and city 
were not surveyed, but mapped from a photographic reduction of 
Colonel Laughton's survey in 1874. Major Lees Smith, wdio had 
taken over charge from Colonel Macilonald, iinfortunately succumbed 
to fever in 1882. He was an officer possessed of considerable mathe- 
matical talent, and his loss was much regretted. During 1882 and 
18851 the scale of survey in the Thana collectorate was raised from 
two to four inches to meet the requirements of the Forest Department, 
and the country alternated between difficult mountainous jungle- 
covered districts and flat and marshy tracts along the seacoast, both 
of which proved very utihealthy to the party. The portions of the 
Konkan allotted to the i^arty were completed in 1885, and a com- 
mencement was made of the topographical survey of the Southern 
Maratha country, the object being to undertake a topographical 
2-inch survey of Bombay territory south of the parallel of 1G° K. 

* See Appendix, p. 1(*. 
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atitude, togetlier witli a skeleton traverse survey of tke forests, 
to serve as a basis for the construction of working plans by forest 
officers. The chief place of imporfanco falling within the season^s 
work was Bolgaum, with its cantonment and fort. During the 
ensuing years the work was carried on by two separate sections, but 
in 1887-88 the Bombay Grovernment represented that the skeleton 
boundary maps gave very meagre results compared with their cost, 
so after a conference at Poona between the Secretary to the Govern- 
ment of India, the Chief Secretary to the Government of Bombay, 
the Surveyor-General, and officers of the Forest and Survey Depart- 
ments, the procedure Avas altered, and one entire party for forest 
topography was formed out of the forest sections of Nos. 10 and 17 
parties, while the second party was to be employed exclusively on 
general topography.* 

Assam and SiJcJmn . — In Assam a small party under Mr. W. H. 
Patterson had been depiited in 1877 to ascertain the areas of plots of 
land held by the laJcJdraJdarsf preparatory to adjusting their claims 
and allotting what they were actually entitled to. The Avork consisting 
of three stages, viz., (1) the pi*ofcssional survej’- of interior details, (2) 
the adjustment of areas and boundary, and (8) the final demarcation 
and boundary survey, was carried on until 1878-79, but in that year 
the operations, so far as the Indian Survey Department w'as concerned, 
were brought to a close, as it was considered tha t the mere calculation 
of the areas could be effectually done by ordinary amins under the 
Settlement Commissioner. 

On completion of Lieut. Harman’s work in 1877-78 in Northern 
Assam, that officer’s party was transferred to the Darjeeling district 
for the purpose of completing certain miscellaneous surveys required 
by the Bengal Government, the most prominent of which wore a 
large scale survey of Darjeeling station and a survey of the route 
loading into Tibet from Rheuok to the Jelep-la pass. In October 
1879 Lieutenant Harman started for Northern Sikkim and Mr. Eobert 
for Western Sikkim to undertake a geographical survey of that 
StatcJ, while the remaining surveyors, European and Native, were 
left to complete the field work in the Darjeeling district. The result, 
however, was unfortunate in various respects, for Lieutenant Harman 
was badly frostbitten in his feet, and the surveyors at Darjeeling 
were called upon to perform a variety of pressing duties in the 

See page 90. 

t Holders of land rent free. 

X See footnote on following page. 
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neighbourhood as soon as their presence became known to the local 
officers and tea-planters. This comprised a largo amount of survey 
work in the station of Darjeeling, in the Hope Town estates, and 
Government Klias lands, in the lands east of the Teosta river required 
for tea cultivation, and other places. Tlie blocks of land newly 
taken up for chinchona cultivation in Sittong were also surveyed. 

Dor the survey of Sikkim Lieutenant Harman undertook in 
person the whole of the country lying east of the range running 
south-east from Kanchanjanga, assigning the country to the west to 
Mr. Robert. He proceeded in the first instance to the snowy ranges 
on the frontier between Sikkim and Tibet, hoping to survey them 
during the brief interval between the cessation of the rains and the 
setting in of the winter with its heavy snowfalls. On ascending the 
Donkia-la pass, on the boundary, his feet were badly frostbitten, 
and he eventually lost four and a half of his toes, but with groat 
persistence and energy ho bravely continued his work, going about 
as best ho could on coolies’ backs, ponies, or crutches. He also 
visited the Kangra Lama pass, which lies north-west of the Donkia-la, 
and penetrated into parts of Sikkim which no European had pre- 
viously explored. He was in Sikkim about three and a half months, 
during which he surveyed an area of over 1,000 square miles on the 
|-inch scale. Mr. Robert succeeded in surveying about 000 square 
miles on the same scale in Western Sikkim, including the boundary 
with Nepal. From the numerous commanding points on this 
mountain frontier he could see most of that part of Nepal which 
lies east of the southern spurs of Mount Everest, and sketched an 
area of about 9(X) square mih'S there besides fixing a large number 
of points on the surrounding hill ranges and in Sikkim. Mr. Robert’s 
work was found to combine very well with that of Dr. Hooker.* 

Lieut. Harman was an officer of immense enterprise and energy 
and untiring self-devotion; he greatly overta.xod himself in his 
arduous work, and at last his health broke down, and he had to 
retire from the service. lie lived to join his family in Italy, but 
died soon afterwards. 

* The survey ol’ Sikkim was not sanctioncil without a good deal of jneliminai v 
discussion, the then Lieutenant-Governor of Bengal being at first opposed lo the under- 
taking. The papers on the subject contain .some interesting information regarding 
Sikkim and Tibet, especially in connexion with Mr. Ware Edgar’.s rcsearclies. See 
Proceedings of the Government of India (Surveys), September 1879. It is needless 
almost to say that the survey subsequently proved of the greatest importance and use 
at the time of the Sikkim imbroglio with Tibet. 
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There is no department of the Indian Surveys in which more 
progress has been made during the last fifteen years than in the 
exploration and gradual opening up of the regions adjoining the 
periphery of British India. The admirable plan of training natives 
lor surveying wild and unsettled countries, where a British officer 
would have but little chance of escaping molestation, has been 
greatly developed and crowned with the most complete success, while 
the hostilities in which wo have unfortunately been involved with 
Afghanistan, Burma, and other powers have nevertheless been 
accompanied with a great development in our topographical, 
scientific, and general knowledge of these important countries. 
Finally, our political negotiations with Russia over the question of 
the northern frontier of Afghanistan, have resulted in a substantial 
enlargement of our stores of information respecting that region. 
Although a complete account of the Afghan Boundary Commission, 
and the multifarious inquiries and researches pursued in connexion 
therewith, has yet to be written, nevertheless, a great many 
scattered reports, scientific papers, and other contributions to the 
literature of the day have been published by the ofiicers who took 
jiart in it. The summary of results given in the following pages 
will show that the information amassed by the British and Native 
members of the Commission probably ranfe as the most important 
data ever collected respecting the Indian trans-frontier regions. 

The extension of our geographical knowledge of Afghanistan, 
and the rectification of the hurried surveys which had been made 
(luring the first Afghan war but had never been properly combined 
together, had long been desiderata of great importance. So long, 
however, as it was considered the safest and best policy to prevent 
any attempt being made to survey beyond the British frontier, in 
order to 'avoid risk of collision with the independent tribes beyond, 
it was impossible for the survey officers to do more than fix all the 
most prominent points on the hill ranges beyond, which were visible 
from within the frontier, and to fill up the details of the country 
from native information or by the secret agency of native explorei’s. 
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But on the declaration of war with the Amir in 1878 it became 
necessary to attach surveyors to each of the four columns invading 
Afghanistan, To review, however, their geographical operations, it 
is more convenient to divide them into three groups, viz., 1st, those 
in Southern Afghanistan with the columns under the command of 
Generals Stewart and Biddulph ; 2u(l, thos(» in tlie Kuram valley 
and generally to the south of the Safed-Koh range with the column 
under General Roberts; and 3rd, those in the Kabul valley and to 
the north of the Safed-Koh I’ango with the column under General 
Browne. 

Seven officers proceeded to rendezvous at Quetta, and ranch survey 
work was foi’thwith set on foot, the more important being Captain 
Beavan's route survey from Kandahar to Girishk on the Helraand 
river, and Captain Rogers’s route survey from Kandahar to Kalat- 
i-Gilzai and back by the Arghandab valley. In March 1879 
Captains Heaviside and Holdich accompanied the column under 
GoTieral Biddulph, which was under orders to return to India by 
the direct and hitherto unexplored route by the villages of Tal and 
Chotiali. The rapidity of the marches made it impossible to carry 
a continuous triangulatiou across the whole breadth of country, 
thus, after a while. Captain Holdich had to depend on his plane- 
table alone, but the final connexion with the fixed points of tho 
Indus Series showed that tho Avoi’k was very accurfite for a ^-inch 
survey. It embraced altogether about 5,000 square miles. Lieu- 
tenant Gore carried out a survey of the Pishin valley, and Major 
Campbell, who was the senior survey officer in Southern Afghanistan, 
made a survey through the Shorawak valley (between Pishiu and 
the great western desert) closing on Quetta. He also surveyed 
tho Toba plateau, and his report thereon was pi’intod for the 
Quartermaster-General’s Department. 

Captain Woodthorpe was attached to the Kurara valley column 
under General F. Roberts, and for four months was the only Survey 
Department officer serving with it. In March 1879 he was joined by 
Captain Gerald Martin. Woodthorpe accompanied tho first advance 
of General Roberts’s force to thePaiwar pass in November 1878, and 
took part in the fighting on the 28th November and 2nd and 3rd 
December. Ho had a marvellously narrow escape during tho action 
of the 2nd, as in the dusk of the morning he went up by mistake to 
a breastwork occupied by the enemy, who did not discover his 
presence till he was within six yards, when they fired a volley at 
him. The stock of his pistol was smashed by a bullet which grazed 

I Y 20831. 1 
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his side and drove a piece of his clothes into his sketch book, which 
was considerably damaged, but he himself escaped unhurt. He 
completed a reconnaissance up to the Shutargardan ])ass, the position 
of which proved to be considerably in error on the old maps, and 
returned through the Mangal country to Ivuram. In January he 
accompanied the expedition into the Khost valley, and nearly the 
whole of Khost was mapped ; subsequently ascents were made of 
various prominent peaks, including Sikaram, the highest point of 
the Safcd-Koh range, and from that commanding position a good 
deal of topography was sketched in. 

To the Peshawar or northern column. Major Tanner, Captain 
Samuells, and Mr. Scott were attached, Captains Leach and Strahan 
joining subsequently. Each of the first three officers took pait in 
the advance on the fort of Ali Musjid, (/aptain Samuells distinguish- 
ing himself by carrying on his plane-tabling under a heavy fire ; 
unhappily he caught typhoid fever and died soon after at Peshawar.* 
Major Tanner carried a continuous survey from Ali Musjid to 
Jalalabad, which was found to be about five miles nearer to Peshawar 
than previously accepted. 

In May Major Tanner attempted an exploring trip into Kafiristan 
through the Kunar valley, and after several perilous adventures 
succeeded in reaching Aret in the Chugani or Kohistan country, 
which is on the southern confines of Kafii-istan. Overcome with 
fatigue and exposure and prostrated with fever he was cojnpelled 
to abandon his design and return to Jalalabad. An interesting 
account of his journey was road before the Royal Geographical 
Society .f Captain Leach joined the force in January, and during 
the two months he was at work surveyed a good portion of the 
Bazar valley and the country round Jalalabad, chiefly in the 
Shinwari country and on the northern slopes of the Safed-Koh range. 
At the end of Mai’ch he Avas compelled to withdraAV, in consequence of 
a severe wound received during an attack on his party by Shiiiwaris ; 
his gallantry on that occasion won him the honoured distinction 
of the Victoria Cross. His place was supplied by Captain Charles 
Strahan, who with Mr. Scott did good work along the country south 
of the Kabul river. North of the Khaibar pass Mr. Scott happened 
to be attacked while surveying by a considerable number of 
Momands, and with difficulty made good his retreat to Fort Michni 
with a loss of one corporal aud one Sepoy killed and wounded. The 

* See also Revenue Surve/s, chapter, p. 121; 

I On April lltli, 1881. See page 278 of Proceedings^ R. G. S. 
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fight, a hand-to-hand affair, lasted the whole afternoon, and tho 
safety of the party was due to Mr. Scott’s gallantry.* Later 
on. Mr. Scott visited tho jieak Sekh-rani (Sikaram), tho highest 
point of the Safed-Koh range, where he obtained observations to 
numerous distant peaks, including a lofty pyramidical-shaped peak 
away to tho north overtopping all tho surrounding peaks of the 
Hindu Kush. The further identification of this important peak is 
a task reserved for some future traveller. 

While Captain Strahan was surveying near Jngdulluk pass, where 
the remnants of the Cabul division made their last desperate stand in 
January 1842, ho found that his assistant, Aki-am Khan, was the son 
of the man in whose house Captain Souter (father of Sir F. Souter of 
Bombay) had been detained as prisoner. Akraru Khan remembered 
“ Souter Saliib ” and his t(‘aching him a few English words, and 
produced a touching letter widtten by Captain Souter to Captain 
Fenwick at Jalalabad, bearing a postcript in ])encil : — “I write this 
“ as I believe it to bo Sunday the 30th January 1842. * * * * 

“ I have neither seen nor liave been able to hold any intercourse 
“ with Major Griffiths since the first day I ariived, now nearly three 
“ weeks — a long time to wear a bloody shirt.” Captain Souter and 
Major Griffiths were eventually taken with the other prisoners 
into Lughman by Akbar Khan. 

The work completed by tho surveyors attached to the northern 
column covered altogether an area of about 2,200 square miles, 
extending fi'om Forts Michni and Janirud on the British frontier 
near PeshaAvar to the Surkhab river west of Gundamak, and 
including a little of the northern and most of tho southern portion of 
the basin of the Kalnil river. Some blanks remaineil on the northern 
slopes of the Safed-Koh in the country of tho Shinwaris and 
Khugianis, Avhich were unavoidable owing to tho conditions under 
which tho survey in an enemy’s country was conducted. A good 
deal of information was also obtained across the Kabul river in the 
Lughman plain and neighbouring tracts. 

With respect to the lessons of the campaign, so far as survey 
matters were concerned, one of the most difficult proved to be the 
question of equipment and men. In a few instances it was possible 


* Mr. Scott rcct'ivod a sword of honour and an lionorarium from the Govern ment 
of tlio l^unjah for his services in 1868. ITo also nreived an honorarium for tho 
exploit described above. 

I 2 
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to send mon from headquarters fully equipped, but where ofiRoers 
were summoned from England or distant parts of India this was 
not possible, and some dissatisfaction was expressed, though the 
I’esults showed that much excellent work was done by officers who 
raced up to the front as fast as they could, picking up men and 
instruments, camp equipage, and horses wherever they could find 
them on the road, and depending on border natives and even 
Afghans to fill up the personnel of the party. 

The usefulness of the plane-table for military route surveys during 
the advance of the troops was fully proved. It is light, portable, 
and enables the ground to be mapped on the spot. If a good plano- 
tabler bo given a base to start from of Avhich the length and 
azimuth are known, with a fair proportion of commanding positions 
end hill peaks susceptible of ready identification, he can survey 
with great rapidity as he goes along and to a distance much beyond 
the positions which he may have reached. AVhen, on the other 
hand, the troops march very I'apidly and the route lies through a 
plain or else a country with hills which are inaccessible, the plane- 
table is at a disadvantage compared with a theodolite. In all rapid 
surveys occasional checks in tlie shape of astronomical observations 
for latitude and azimuth and longitude observations as avoII ai’O 
desirable. For this occasion several officers in Afghanistan were 
supplied AV'ith a 6-inch tran.-it theodolite, an instrument with a 
complete vertical circle and an eye-piece fitted with a pair of 
“ sub-tense micrometers,” which are intended to measure small 
angles subtended by distant objects in the field of the telescope. It 
is described in General Thuillier’s “Manual of Survey for India” 
(3rd edition, page 132), also in “ Hints to Travellers ” by the Royal 
Geograi)hical Society (4th edition, page 33). It may be called a 
universal instrument, for it is not only well fitted for astronomical 
observations as well as the ordinary measurement of horizontal 
angles, but it enables the distances of objects of known length to be 
deteimined very readily with the aid of the sub-tense micrometers, 
thus permitting measuring chains to be dispensed with in running 
traverses and measuring base-lines. It .weighs 31 lbs. when packed in 
its box, the stand weighing 10 lbs. morCi and is, probably, the lightest 
instrument yet constructed capable of such universal application. 

On the conclusion of the Treaty of Gandamuk the surveyors were 
engaged at Mussoorie, bringing up their calculations and completing 
their maps, when the sad intelligence arrived in September 1879 
the massacre of Sir Louis Oavagnari and the members of the British 
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Embassy ai Kabul. An imraodiato advance was ordered, and 
two survey parties were organized, one under Major Woodtborpe to 
proceed under General Sir F. ll(d>erts, the other under Captain 
Holdiob to join the column under General Bright via Peshawar and 
Jalalabad. Eventually both parties met at Kabul, where they made 
the most of every opportunity of acquiring a geograjdiical know- 
ledge of the adjoining country, and in continuation of the preceding 
surveys operated westwards and southwards up to the Pugh- 
man range and over almost all the country which is drained by 
the Logar, Shiniz, and other affluents of the Kabul river. In 
Southern Afghanistan some additional geograph}' was obtained 
between Kandahar and Girishk and along the valleys to the west 
and north-west of Kandahar. A coinufxion with the operations in 
Northern Afghanistan was also made by the surv(\y of the route 
from Kandahar to Ghazni through the Khushk-i-rud, Tarnak, and 
Ghazni valleys. In Baluchistan a rough reconnaissance was made 
of a considoi'able portion of the country north of Ribi inhabited by 
the Marri tribes, and detailed surveys were commenced in the 
plains around Sibi and Dadur. 

The party under Major Woodthorpo reached Ali-Khel on the 
4th October, a few days after the force under General Sir F. Roberts 
had advanced on Kabul. It was not till the end of the month that 
they proceeded on to that city, an interval which enabled Major 
Woodtborpe to connect the triangulation of the Kuram valley with 
that of the Logar and Kabul valleys, and thus establish the 
continuity of the series from Thull round by way of Kabul to 
Jalalabad. Mr. Ogle, of IMajor Woodthorpe’s party, was detained 
in the Kuram valley, and accompanied General Ty tier’s column into 
the Zaimukht country, Avost of Kohat, Avhen; he secured topography 
to the extent of S8() square miles in country Avliicli Avas very little 
known, after which ho joined the rest of the party at Kabul, where 
Captain T. H. Holdich, R.E., as the senior departmental officer, 
had assumed charge of the operations in Northern Afghanistan. 

On the occupation of Kabid and partial investment of Sherpur by 
Mahomed Jan’s forces in December, the officers of the survey had 
to help in the constniction of defensive works, but after the defeat of 
Mahomed Jan Captain Holdich and Major Woodtborpe accompanied 
a brigade to the Koh Daman and majAped a portion of the country 
on the l^-inch scale and established two trigouometdeal stations 
there. The former then joined Gonei'al Bright’s division in the 
Lughman valley, between Kabul and Jollalabad, on the north side of 
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the river ; on this tract some interesting notes 'wore collected by 
Captain lloldich. It is on the summit of tho great white peak of 
Kund overlooking Lughman from the region of Kafiristan that 
Noah’s Ark is said to have rested after tho Flood, and tho valley 
of Dara-i-Nur, which lies on the border of Kafiristan territory, 
still bears his name. Tho famous ziarat or shrine of Lamech 
(Michtar Lam) is in the adjoining Alishang valley, and numbers 
of pilgrims annually rcipair thither from Jalalabad. There are 
evidences of a former Biuhlhist population in the caves l)ordering 
tho river, both at Derouta and elsewhere. Tho Lughmanis too 
have ever been the connecting link betwc'en Kafiristan and tho 
southern world in the matter of trade, and Kafir slave girls brought 
down from tho mountains to tho Dam-i-Nur Avore introduced by 
Lughmanis through the markets at Jalalabad and Kabul to tho 
harems of the wealth3^ 

Ca])tain Holdich then accompanied Ceneral Sir F. Roberts on his 
march through the Logar valley, taking advantage of the oppor- 
tunity to make a leisurely re-survey of tho valley on tho ^--inch 
scale. The valley is described by Captain lloldich as very beautiful 
at times, tho white-walled, squaro-toAvered villages, each Avith its 
bastioned fort, being literally buried in groA’os of dark green 
mulberries and palm trees. Poplar avenues and wide fields knee- 
deep in clover or waving Avith Avheat and fenced oil Avith Ioav mud 
Avails or hedges of tho Avild yellow rose, form a ])leasant contrast 
to tho rough background of hills. Near the junction of tlio Logar 
and Kabul rivers there are Buddhist remains in plenty, one ininar 
consi)icuou8ly erected on tho ridge overlooking tho Kabul and Khiird 
Kabul plains being 95 feet high and 02 feet iii girth at the base. 
The Logar valley triangulation Avas at the same time improved and 
extended by Major Woodthorpe, who also fixed a number of ])oints 
on the Altimor, Pughman, Boh-i-Sabz, and Karkatcha ranges. The 
same officer subsequently accompanied (rcneral Ross’s division on 
its march tOAvards Grhazni to meet Sir Donald Stewart advancing 
from Kandahar, and having extended the tidangulation towards the 
head of tho Logar river, effected a junction at Saidabad Avith tlio 
work of Lieutenant St. Gr. C. Gore, who had left Kandahar on 
the 30th March. 

Amongst other surveys executed in Northern Afghanistan during 
tho year should bo mentioned Captain Martin’s mapping of 700 
sejuare miles in tho Koh-i-Daman and Kohistan, in the course of 
which he obtained information regarding the course of some of the 
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rivers issuing from the Hindu Kush and flowing down through the 
Kabul valley. Mr. Claudius completed tlie topography of the 
country from (xundamuk to Kabul on the '^--inch scale, and under 
the escort and guidance of a friendly Kliau of Tezin ho mapped 
an important bit of coiiiitry which borders the route across the 
Lataband and Tlaft-Kotal passes. This ])art of his work was 
executed at considerable personal risk, and ho was badly frost- 
bitten in carrying it through. Mr. W. W. McNair (who subse- 
quently gained much credit for his adventui'ous journey into 
Kafiristan) completed the survey of portions of the Asphan and 
Hisarak valleys west of Gnndamuk and the Ijiighman valley, 
both on the 1-inch scale, and later on bo executed a lartjo 
amount of excellent topography in the Logar valley on the ^-inch 
scale. The native sub-surveyors were found ])arLienlarly useful 
throughout the canqiaign from the fact of their being able to move 
about the country without personal risk, even in disturbed tracts; 
their services wore also largely utilised in jmsliing forward the 
military survey of the country round Sherpnr and Kabul on tln^ 
4-inch scale, "iriie “ Munshi ” particularly distinguished himself by 
mapping the 8her])ur cantonments and the ailjacent country 
during the actual siege and inimodi.'itoly after it, and thus did mo.sfp 
useful topographica.1 work before any hhiropean could possibly bo 
so employed. lie also undertook an exploration by way of the 
Kunar river into Kaliristaii, travelling as a native iloctor ; tliero 
Avas every reason to suppose he could have succeeded in reaching 
Katy-istan (for he Avas never stispech'd at any time) but for an 
unfortunate rise of the Bafis and Hehgans, Avhich took ])laco most 
unexpectedly. Returning to Kabul ho was next employed in 
mapping (which ho accomplished most successfully) a part of the 
district adjoining Kabul stretching through the Chardeh plain to 
the disti’ict of Pughman, Avhich had been entirely closed to 
European officers and appeared likely to remain a blaidc. 

The total area mapped in Northern Afghanistan during the season 
was estimated at 10,300 square miles, or adding SSO square miles 
of the Zaimnkht country, 11,180 square miles, of which G4 square 
miles were done on the 4- inch scale, 1.27G on the l-inch, and 
the remainder on the l-inch and :^-inch scales in about equal 
proportions. 

Southern Afghanistan . — The officers deputed for survey work in 
Houthern Afghanistan Averc Captains Kogors, lloavan, Heaviside, 
Holdich, and Lieutenants Gore and Hobday. Route surveys avoio 
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carried from a trigonometrical station on the frontier near Kusraore 
along the Dcra Bugti road, vid the Bolan Pass, Quetta, and Kandahar 
to Girithk on the Helmand on the one side, and to Kalat-i-Ghilzai 
on the other. Captains Heaviside and Holdich were subsequently 
attached to General Biddulph’s column, which was returning to 
India by what is often called the Tal-Ohotiali route, an important 
and direct lino of communication between Multan and the Pishin 
valley, by which it had been originally intended that tho Multan 
column should enter Afghanistan. The reconnaissance was a very 
rapid one, tho average rate of marching being 12 miles a day, but 
a fair survey on the ^-inch scale was nevertheless secured, embracing 
about 5,000 square miles.* 

On completion of the survey of Pishin, Lieutenant Gore proceeded 
to Kandahar, via the Barghaiia I’oufco, which had not been previously 
sui'veyod, and mapped that route as well as a good deal of tho 
surrouuding country about Kandahar, ami along the banks of tho 
Argamlab and Dori rivers to their junction. He also extended 
tho triangulation towards the important village of Girishk, whore 
tho road to Horat crosses the Helmand river. An examination of 
part of the Arghastan valley above its junction with the Lora was 
also made, and the fact was elicited from natives that the latter 
river takes the overflow drainage from Lake Ab-i-istadoh, and on 
such occasions becomes very salt. 

In the spring of 1880 Lieutenant Gore set out with tho 1st Brigade 
of Sir Donald Stewart’s force to Kabul, and advanced up the 
Tarnak valley. In the valley of tho Ghazni river the famous battle 
of Ahmcd-Khol was fought, and hero much iuconvenionco was 
experienced, from a surveyor’s point of view, owing to tho difficulty 
of obtaining guides. When the fighting comincnced. Lieutenant 
Gore’s Hazara guide was with difficulty restrained from making off’ 
to get his share of the plunder. At last a richly-caparisoned horse 
trotting past proved too much for his cupidity and he finally 
decamped. Up to Shahjui, in lat. 32° 31', Lieutenant Gore’s work 
was based on trigonometrically fixed points, but beyond he had to 
rely on plane-table fixings and traversing until he joined Major 
Woodthorpe’s work in the Wardak valley above Ghazni. 

Major Leach, who had been invalided to Europe in consequence 
of a wound in the first campaign, was sent to Kandahar on his 
return, and executed some useful reconnaissances in the Argandab 

A picturesque description of the country was given by General Sir M, A. Biddulph 
before the Royal Geographical Society on the 9th February 1880. Tho jiaper in the 
Proceedings {p. 212) is illustrated with nnnacrous sketches of tlie country. 
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and Khalvrcz valleys, and obtained valuable information concerning 
tbe passes into and across tlie Ilazai’a country. Unfortunately tlie 
whole of this material, together with some important notes on the 
Hazara tribes, was lost during the retreat from Maiwaud, and during 
the subsequent evacuation of the Kandahar cantonment. But 
Lieutenant the Hon. M. G. Talbot, R.B , and Lieutenant F. B. Long, 
R.B., replaced the survey portion by a subsequent exploration of 
theirs, and Major ijcach drew up, mainly from recollection, a reanme 
of the lost notes,* and a sketch majj of a country which had been 
up to that time a perfect blank. Major Leach accompanied General 
Burrows’s force to Girishk on the Hclmand, and did good service on 
the statr (luring the disastrous battle of Maiwand and retreat to 
Kandahar. Ifo was then aiipointc'd Brigade Major of Engineers, 
and served in that capacity throughout tlie defence of Kandahar and 
in the subsc(][ueut battle of Kandaliar, when the cmmiy, under Ayuh 
Khan, were defeated by Sir F. Roberts. Lieutenants Talbot and 
Long accompanied the General in his memorable march from Kabul 
'to Kandahar, and were also present at the battle of Kandahar. 

During the following year a committeii was formed at Kabul, 
under the orders of Sir Donald Stewart, for the purpose of consider- 
ing the equipment necessary for a. survey party in the field, d'he 
committee consisted of Lioiitenant-Uolonol Stewart, of the Guido 
Corps, as president, and Major Woodthorpe and Oajitain Ifoldich, of 
the Survey Department, as members. Their recommendations were 
as follows : — 

!.• A survey party should consist of one otiieer (who should be both accustomed to 
triangulate and to use the plaiie tablc) and of two assistants (one. of whom should he 
competent to triangulate) as topographers for each column opt'ratiiig on an iu(le]>cudent 
line in a country wlien^ no survey has hitherto been made. 

The native establishiiumt for a party of this size should be as follows : — 

For 1 olficcr 7 
„ 2 officers 10 

The addition of native sub -surveyors must depend entirely on tlui natunj of llie 
country under survey, but wlnm they arc emjdoyed, extra public followers, at the rate 
of at least one per sub-surveyor, will be necessary. 

2. The instruments for the etpiipmeni of such a parly will be as follows : — 

1 six-inch subtense theodolite with full vertical circle and tripod stand, 
o plane-tahles, viz., one for the officer in charge and two for each assistant. 

The two for each assistant should bo interchangeable on one stand and should bo of 
different sizes and portability. The committee are of o})inion that the plain deal table, 
30" X 26", has, on the whole, been found to be of the greatest use on account of its 

* Will be found in the Survey Proceedings of the Government of India for Februury 
1882. It forms an interesting description of the Hazara country and j)eoplo. 


follower: 


I iii(*lusiv(; of int(‘rpV(;ters and permanent 
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superior size and stability. It can be sIuti" with its stand on a mule or pony without 
difficulty and can be used with cavalry. But each assistant, should also Ik*, provided witli 
a lighter, smaller, and more portable table, which can Ik* conveniently slung on a man’s 
back ; a really poj tablc tabic of this soil has yet to be devised, as also the best kind of 
stand. 

Each officer or a.«sistant should also be provided with the following minor instruments 
and books, viz. : — 

Two trough needles, 1 sight-rule, 1 telescope or binocular, I aneroid barometer, 1 
prismatic compa.ss and .stand, 3 thenuoineters for determining the boiling point of 
water, ordinary air therinonieter, 1 Gunter scale, 1 beam compass, 1 small box 
instruments, 1 Shortrede's log tables, 1 Chamb(‘rs's log tables, I auxiliary tables 
for facilitatijig the computations of the Great Trigonometrical Survey. 

The officer in charge should carry in addition — 

One Abney's level, 1 set .scale.s, 1 maximum and minimum tliormometer, 1 nauti(*al 
almanac, 1 prismatic subten.so instrnm(‘nt, 1 parallel juler, 1 pantagrapli, 
J manual of surveying, 2 sets measuring tapes (stei*!), 1 perambulitor, lamps 
for observing, 1-0" heliotrope, 1 elironometer waleb, I portable .sun-dial, s[)arc 
comjKiss and drawing pens. 

* * * # 4 }'- * 


5. In addition to the usual personal baggage scale, the following will he required for 
the h(‘ad(|uarters camp — 

Office tent - - - - 150 Ihs. 

„ fable - - - - 20 „ 

Stationery and small instrurmuits - lOO „ 

Maps and data - - - ' 50 „ 

For public followers 1 sepoy's pal, liolding 17 persons, or its (‘(juivalent in smaller 
tents. 


These reconiiiicndations were made on the following assumptions 
regarding the nature and extent of the work to be undertaken by 
the survey officers : — 

A. — That a large extent of country, embracing several thousand square miles, ‘^may 
be either actually visited or sketched from a distance, during the eourst^ of a eainpaign. 

IJ, — That every .surveyor should bo equipped to act inde[K*rulently, if ruK^e.ssary. 

C. — That there may be no opportunith s of vi.*<iting any portion of the ground twice, 
and therefore that all surveying must be done pari jtassa with the more or less rajnd 
movements of troops along the main lines of conmmnication. 

D. — That nuq)s are to be compiled and traced in the field, so that all the work of the 
survey can be put into the hands of tin* generals concerned as speedily us pos.sible. 

E. — I'hat tin* topographical oijcrations are not to (Kuisist merely of surveys of the 
lines of route, but are to enibraetj as much as ])()s.si])le ot‘ tin* siuTounding country, and 
must therefore be executed on a trigonometrical basis ; consf*qucnt]y, that the .survey ors 
must always work together in pair.s, one doing the triangidatioii, the other the topo- 
graphical sketching ; for, when the troops arc marching rapidly, it is impossible for any 
single man to do both, and each is required to supplement the other. 

F. — That the survey office wiih the army will bo the gemu’al depot for all map.s of 
the country which may he published by the Surveyor- (len oral’s Deparfrnent and he 
su))prK;d for distribution as required. 

G. — That the sanetiom*d allowaiieo of baggage and (;qui pinout for ev^ry officer in the 
field who is employed in trans’^ort, commissariat, or any other duties which oblige him 
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to curry liis own camp e<inipagc and make it impossible for him to join a moss, is 
4(X) lbs, 

• The above recommendations were influenced by the protracted 
military occupation of Afghanistan; much valuable work in the way 
of military survey and reconnaissance may of course be done by 
oflicers equipped more lightly with fewer and smaller instruments ; 
indeed in rnpid marches through an enemy’s country it tvould be 
necessary to restrict the equipment of eacli survey officer to what 
he and one or two attendants could carry. Much depends on 
the character of the surveying to be done : the geographical and 
smaller scale survey being more valuable for rapid strategical 
movements over a large area of country, whihi the topogra]diical 
survey of the military roads and lines of communication, and of the 
ground in the immediate neighbourhood, is usually to aid a gentu’al 
officer in determining the best disposition of his troops in action or 
wherever liable to be attacked by aii enemy. 

In tlio first Afghan war a large amount of route surveying was 
executed, mostly on the scale of one inch to one mile, and some was of 
very good quality, but few, if any, attempts were made to carry 
on a general geographical survey of the country pari parm with the 
military route survc'Vs. Thus when the latter came to bo comliined 
together, Largo gaps were found to exist, and even what had been 
done could not bo accui’ately combined, the result being that Kabul 
and Kandahar were shown on the majjs as 7 and 15 miles west 
of their true positions. 

?..n the next Afghan Avar (1878-79) the survey officers were 
directed to obtain as much informiitiou as possible respecting the 
country at large, and not merely to operate on the military lines 
of communication. I’or this they were dij’ected moi'e especially 
to make general ma})s of the country on scales of half an inch or 
quarter of an inch to the mile, by plane-tabling on a trigonometrical 
basis, also to cany route surveys on the 1-inch scale with the most 
suitable instruments available over the principal routes traA'ersod 
by the troops. It was ai’rangcd that larger scale work should be done 
by some of the numerous field engineers and staff officers attached 
to the army. Such Avero the general lines and general division of 
labour laid down for the Afghan campaign, and the system Avas 
found to work Avell. 

From the invasion of Afghanistan in 1878 the area surveyed 
in more or less detail by the oflicersS of the Department amounted to 
39,500 square miles, while a further area of 7,000 square miles was 



140 


aEOGKAPUICAL SUKVEV8 AND EXPLOKATIONS. 


explored by native agency. In Balucbistan an area of about 
7,800 square miles was surveyed. 

One of the broad results was to show that the positions of Kabuh 
Ghazni, and Kandahar as determined during the first Afghan war 
were correct in latitude but erroneous in longitude as mentioned 
above*. A largo number of heights also entered on the old maps turned 
out to be considerably in excess of their true values. They appear 
to have been mainly derived from barometric observations taken by 
Dr. William Griffiths, who was a skilful and accurate observer, 
but who unfortunately did not live to reduce his own observations. 
The method of reduction adopted did not take account of the 
well-known hourly, daily, and monthly variations of barometric 
pressure, a neglect which is liable to aficct tho results very materially. 
Thus while certain height determinations proved to bo very satis- 
factory, others, particulai’ly those in the high lands around Ghazni 
and Kabul, wei’e found to be materially eiTonoous, thus : — 


lV)biti(Uis, 

As since 
deterininod, 

As deduced 
from 

Dr. Gritfiths’s 
Obsei’Mitions. 

Quetta ... - 

- 

5.515 

5,Ot> ( 

Kandnliar . . - . 

- 

3,100 

3,481 

Mukur, latitiuic 32° 51', longitude 67° 47' 

- 

6,561 1 

7,091 

Obeli, latitude 33° O', longitude 67° 56' 

- 

6,986 

7,325 . 

Ghazni .... 

- 

7,279 

7,72a 

Sliashgao, latitude 33° 45', longitude 68° 32' - 

- 


8,697 

Shekhabad, latitude 31° 1', longitude 68° 45' 

- 

6,881 

7,473 

Kabul - - - . 

- 

.5,780 

6,395 

Butkak, east of Kabul 

- 

5,980 

0,218 

Khuvd Kabul - - - _ 

- 

7,500 

7,406 

Gandamak .... 

- 

4, .500 

4,616 

Jalalabad - - . . 

- 

l,9o0 

1,964 

Peshawar .... 

- 

1,135 

1,008 


North-west frontier and adjacent regions . — During the year 1876 
one of the trained native explorers of the Great Trigonometrical 
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survey, named “ tbe Mullali,” ascended the Indus river from the 
point where it enters the plains of the Punjab at Attock to the point 
where it is joined by the Gilgit river. Other portions, of course, 
of the Indus from the table lands of Tibet, where it takes its rise, 
down to the ocean had long since been surveyed, but tlie part referred 
to had been always shown by a dotted line on the maps. The groat 
river hero traverses a tract about 220 miles in length, (h'seending 
from a height of about 5,000 to 1,200 feet above sea-level. It flows 
tortuously, in a deep narrow-cut gorge, through great mountain 
ranges with peaks rising from 15,000 to 20,000 feet in height. 
The positions and heights of all tlie moat commanding peaks had 
been fixed by Captain Carter’s triangulatiou, but no European had 
penetrated into the regioi!. Very difficult of access from all quarters 
it is inhabited by a number of hill tribes, each living independently 
in secluded valleys, and suspicious of its neighbours. Each 
community elects its own ruler, and communicates with the outer 
world only through the medium of a few privileged traders. The 
Mullah happened to possess the privilege and was thus enabled 
to explore the Indus and some of the lateral valleys. This work 
done, he proceeded in accordance with his instructions to Yassin, 
marching through the Gilgit valley but not surveying it, as the late 
Mr. Hayward (who was there murdered) hafl furnished a good map 
of those parts. From Yasin he surveyed the southern road to Mastuj, 
through the Ghizar and 8ar Jjaspur valleys, supplying an important 
rectification of the topography. At Mastuj h(i struck upon his 
old route from Jalalabad over the Hindu Kush to Waklian in 1873, 
and proceeded in a north-easterly direction back to Yasin, crossing 
the Tui or Moshabar pass, which is conjectured to be 16,000 feet in 
height. On his return journey he again passed through Sar Laspur, 
explored the Tal pass, and traversed the length of the Fanjkora 
valley, the whole journey having added much to our knowledge 
of the Trans-Indus frontier regions. 

During the course of his travels in 1876 the Mullah had acquired 
much information respecting the I’Cgions surrounding the Swat 
valley ; the exploration of the valley itself was undertaken in 1878, 
and to facilitate matters and disarm the suspicion of his being in 
Government employ, which had aiisen during the former journey, 
the Mullah placed himself in communication with a ti’ader from 
Swat and assumed the part of a timber merchant anxious to make 
purchases at Lamuti and Kandia, whence large quantities are annually 
floated down to Peshawar and Attock. The Mullah entered the 
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S'wat valley near its junction with the Panjkora, and then proceeded 
up .the former valley, making excursions u}) the principal lateral 
glens on the right hank, until he reached IColani in the Kohistan; 
in which tho sources of the river are situated. He then surveyed 
the route leading over the water-shed into the Panjkora valley at 
Lamuti, in order to connect his fresh explorations with the previous 
ones, after which he returned to Kolara and ascended the Swat river 
until he approached tho watoi’- parting of the range running east and 
west, and separating the waters of the Gilgit river from the 
streams to the south. He then crossed tho Palosar pass into 
the Kandia valley, one of the tributaries of the Indus, and worked 
down to the latter river, where he joined on to his previous route, 
and turned southwards, along a route running parallel with the 
Indus river, but several miles to the west, crossing tho whole of tho 
lateral valleys on tho right bank of that river and acquiring much 
supplementary information to add to his oiigiual survey. Finally 
he crossed over the range to the right and closed his work on to the 
lino of his survey up the Swat valley. Tlus journey was encompassed 
with many hardships, and, lying through a country to which Europeans 
have never penetrated, it was one of considerable interest. The 
northernmost ])oint reached was tho Palesar pass across the great 
water-shed separating the Yasin and Gilgit countries from Bashkar, 
Darel, and Tangir, near to a point where the range turns to the 
southward. It rises abruptly in great scarps from the very banks 
of the Indus at Bunji, in the east, with an average height of from 
1(3,000 to 19,000 feet as it approaches the Kunar valley. This 
range is a very important geographical feature, for it separates tho 
rainless tracts of Gilgit, Hunza, and Yasin to tho north from the 
well-watered countries of Bashkar, Swat, &c. to the south. To the 
north the vegetation is limited to a narrow belt of pines, cypresses, 
and birch, while to the south the forests are described as magnificent 
with a profusion of deodar. In another particular this mountain 
range has an importance, for it forms broadly a great boundary lino 
between the adherents of the Shiah and Sunni religions. 

The general route-survey work accomplished by the Mullah fits in 
fairly well with the peaks previously fixed by triangulation, and the' 
detailed narrative is a genuine story, told with touching simjilieity, 
of perils and privations faced and patiently surmounted. 

In 1877 M S , a native gentleman of the Muhammadan 

faith, and of much repute among his co-religionists, was about to 
make a journey from Kashmir across the Hindu Kush mountains 
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and tho Oxus river to Kolab in Badaksban, to visit the shrines of 
his ancestors and transact some business of his own, when he 
learned from one of his frientls that ho might obtain employment 
in geographical exploration in connexion with tho Indian Survey 
Department if he would volunteer his services and go through a 
course of training. Ilis services were readily accepted, as ho was 
a man of considerable intelligeuce and good education, so having 
been put through a course of training under the veteran explorer 
Pundit Nain Sing, ho started for his destination oid Kashmir, Gilgit, 
and Yasin, where he arrived on the 14th December 1878. At the 
latter place he was detained on one excuse and another till 
September 1879, when ho was permitted to depart and proceeded 
up tho Darkot valley and ov(5r tho Baroghil pass to Sarhad and 
Ishkashim. At this point it was his inteniiun to have proceeded 
down the valley of tho Panj or Oxus to Shignan and Darwaz, but 
owing to the feud botvveen tho ruler.s of these two States he was 
unable to reach Kolab by that road, and had to proceed via 
Paizabad. Ilis route from thence coincided partly with that of 
the Havildar in 1874, but embraced a far larger area of new 
ground. He ascended tho Doaba Dara, a tributary of the Yakhsu, 
to its source, and followed the great bond of the Upper Oxus or 
Ab-i-Panjah river to Varv, where the Havildar had been turned 
back, and where he too was stopped on the same ydea, that of 
hostilities between the people of Darwaz and their neighbours in 
Shignan and Boslian. He then retraced his steps to the Dara 
Imam, and crossing the Panjah ascended the table-land of Shiva, 
a large expanse of country lying within the bend of the river, and 
till then wholly unknown. This took him right across the central 
regions of Badakshan, and enabled him to comjdete his survey of 

tho upper course of the stream. M S also ascended the 

Bartang or Murghabi river to its source in tho Sarez Pamir, a 
distance of 100 miles. On his return he was laid up for five 
mouths with rheumatism at Kila Bar Panjah, after which ho 
proceeded to explore the Shakh Dara valley, with the intention of 
crossing into Wakhan over the intermediate ranges, but the passes 
were found to be blocked with sand and impracticable, conse- 
quently he retraced his steps and returned by way of the Ab-i- 
Panjah to Ishkashim. lie diverged from the route ho had followed 
on his outward journey to visit the Ghazkol lake, which lies at 
the point of convergence of the Muztagh and Hindu Kush ranges, 
and which some suppose to have a double outlet into the Ishkaman 
and Mastu] rivers, and having determined its position he closed 



144 


GEOGKAPHICAL SURVEYS AND EXPLORATIONS. 


Ills work at the Darkofc pass, having contributed enormously to the 

existing geographical knowledge of Badakshan. M S was 

presented with one of the two medals which were placed at the 
disposal of the Surveyor-General of India by the Venice International 
Geographical Congress for award to meritorious Native explorers. 

At the time that the late Colonel Montgomerie and his assistants 
had been employed in surveying on the north-western confines of 
Kashmir, operations had not been extended across the Indus owing 
to the unfi’iendlinoss of the Gilgit people, but in 1878 matters 
were so improved that on his return from Southern Xafiristan 
Colonel H. C. B. Tanner was deputed thither with two native 
surveyors. His first task was to extend the regular survey over 
Gilgit and the vicinity, wliere he mapjied an area of about 2,000 
square miles on the 3 -inch scale. TIio great ridge referred to 
in the preceding paragraph proved to be most difficult to map, 
the central backbone being like a huge broken table-land running 
up into wave-like ridges, rising but a few hundred feet above the 
general level of the range, and practically impossible to distinguish 
apart. This, added to the inclemency of the season, snowstorms 
being exceptionally frequent, prevented many of the peaks being 
satisfactorily identified. 

Colonel Tanner was returning to reci'ss (juarters to bring up his 
mapping and calculations of work done during the summer of 1880, 
and had reached Lahore when ho Avas ordered back to Srinagar, 
and placed in command of a body of troops in the service of the 
Maharajah of Kashmir under instriictioTis to proceed to Gilgit, for 
the relief of Major Biddulph, the Political Officer stationed there, 
who was threatened by a general rising of the surrounding tribes. 
This prevented the completion of the mapping, but with the assist- 
ance of his native surveyor, Ahmed Ali Khan, he made a survey of 
an area of about 2,000 square miles, and extended the limits of the 
Gilgit map as far as Astor to the south-east, northwards to the 
great range separating little Guhjal from Gilgit, southwards to 
Chilas, and westwards to the mouth of the Wurshigum river at 
the entrance to the Yasiu river. The positions of several distant 
peaks on the Hindu Kush range were fixed, among them the 
summit of the notable Tiraj (Tirich) Mir north of Chitral, first 
brought into prominence by Major Biddulph.* Its height as deduced 
by Colonel Tanner from his calculations is 20,425 feet above the sea. 

* Mdjor Biddulph is tlie author of an interesting work, “ Tlio tribes of the Hindoo 
Koosh,” containing much valuable information accumulated by him during his sojourn 
in those regions. 
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Colonel Tanner’s description* of the wilderness of mountains and 
peaks of every possible form by which he was surrounded is 
exceedingly graphic, and gives a good idea of the remarkable and 
lofty region in Tj^’hich he was working. He was very anxious to 
get a near view of the gi’eat mountain of Nangaparbat, near Astor, 
and after a most perilous passage over a narrow, rugged ridge 
surrounded by enormous precipices, which tried his nerves to the 
utmost, ho found himself confronted by what is probably the most 
magnificent snow view on the globe, embracing as it does a slope 
of very nearly 24,0(X) feet (vertical measurement), with glaciers, 
snow-fields, ice-cliffs, and jagged needles of naked rock extending 
from the summit of this king of mountains down to the Indus, 
which flows in a deep channel at its base. Colonel Tanner says he 
is unable to convey an adequate description of the superb and 
impressive view which he contemplated from the edge of a tre- 
mendous precipice, whose summit is 1G,()00 feet above the sea, and 
which rises sheer and unbroken from tlui forests and vineyards of 
Goi’, situated at an immense depth below. 

During the season 1880-81 the survey of Gilgit was completed 
by the sub-surveyor Ahmed Ali Khan, who also continued the 
map of the Astor country towards the chief passes which lead into 
the Indus valley on the one hand, and those leading into Kashmir 
on the other. All the passes leading out of the Gilgit valley into 
Darel, Chilas, and the adjacent parts of the Indus basin were also 
mapped. His work during the following season (1881-82) lay 
about the Indus-Kishonganga watershed, and in 1882-83 he com- 
pleted the survey of Chilas and fi.xed the position of the passes 
loading from the valley of the Indus into the Kaghan, Kishenganga, 
Astor, and Gilgit basins, as well as the positions of all villages and 
forts. His survey of Dardistan, as this region has been sometimes 
called, includes an area of about 2,000 square miles, mapped on 
the 4 -inch scale, an out-turn reflecting much credit on Ahmed Ali 
Khan, as on several occasions ho had to pass the inght without 
a tent, on ground buried in show, at heights from 14,000 to 16,000 
feet above the sea.f His survey of the upper part of the 
Kishenganga valley was completed in the following year (1883-4). 

* Appendix to Surveyor-General’s Report for 1879-80, p. 42 . 

t An account of Dardistan, the nature of the country, trees, produce, and cattle, the 
religion, customs, dress, anus, dwelling - places, and commerce, will be found at 
page xxiv. of the Indian Survey Report for 1883-84. 

1 Yao8Si. K 
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The withdrawal of the British forces fi’om Afghanistan in 
Heptemher 1880 l)rought all surveying operations to a close in that 
part of the country. But in March 1881 the conduct of the 
Waziris, who inhabit the tracts adjoining the British districts of 
Bannu and T)era Ismail Khan, and have proved such xinruly neigh- 
bours since our annexation of the Punjab, necessitated the despatch 
of a fresh expedition into their country, and this gave opportunity 
for additional survey work. One column under Brigadier- General 
Gordon advanced from Bannu up the Khaisar valley towards the 
llazmak valley along the northern ])art of the country, and returned 
through the Shikto valley to the plains of Bannxi. The other 
column under Brigadier-General Kennedy advanced from Tonk into 
the southern and western Waziri valleys, and then proceeded via 
Kanigurara to the Razmak plateau, and returned via Palosin to 
Tonk. To the first column Major Holdich and Lieutenant the Hon. 
M. G. Talbot were attached as survey officers, and Captain G. W. 
Martin accom])anied the second column. These three officers, aided 
by the native surveyor, imam Baksh, who was taken under tribal 
protection into tracts closed to Europeans, surveyed an area of 
about 1,200 miles in and around Waziristan, and filled up blanks 
for portions of the country which had not been visited during 
►Sir IMcville Chamberlain’s expedition in 1860, and which had never 
before been seen by Europeans. The plane-tabling by Jueutenant 
Talbot of the watershed between the Khaisar and the Dawar Dour 
formed a useful continuation of Colonel Woodthorpe’s work in 
Khost with Sir E. Roberts’s expeditio)i. The survey otiicei’s .were 
able to ascend several mountains on the western confines of the 
country, including the peaks of Pirghal and Shuidar 11,000 feet in 
height. Fortunately the atmosphere Avas generally clear, and points 
were fixed as far as 200 miles distant, which in spite of the hurried 
character of the movements of the troops combined to give good 
results. A valuable reconnaissance of the Zhob valley and the upper 
branches of the Gumal valley towards the Ab-i-istadeh lake was 
also made by a native explorer. His map covered an area of 
7,140 square miles, and though a good deal of this was rough and 
only sketched in by the eye, it supplied some important corrections 
to the previous geographical knowledge of the country. Some 
interesting notes on the tribes and the roads were compiled from 
the explorer’s information by Lieutenant Talbot. ’’ 

* See Appendix to Surveyor-Gcnerars lieport for 1880-81, p. 36, 
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Generally speaking, the opei’fitions iji Waziristan had an im- 
portant bearing on the Kurani and Khost surveys, and formed a 
connecting link between the triangulation in northern and southern 
Afghanistan. 

The survc'y arrangements with the Zhob valley expedition wore 
originally placed in the hands of Major Holdich , but Avhou he was 
suddenly called upon to join the Afghan Boundary Commission the 
charge devolved on liieutenant R. A. Wahab, R.R., who had a short 
time previously accompanied Sir R. Sanderaan into south-west 
Baluchistan and carried a series of triangles towards I'anjgur For 
the Zhob valley operations Mr. G. B. Scott and Sub-Surveyor 
Muhammad Yusuf Sharif were attached to Lieutenant Wahab’s 
survey party. The operations lasted two mouths, during which abotit 
400 square irules of country were surveyed or reconnoitred on the 
-^-inch scale, and from 5,000 to 0,000 square miles on the 
- 4 -inch scale. The valley was surveyed in detail from its head 
to Mena, and the mountainous tract to thenortli as far as the water- 
shed diviiling it from the Kwandar valley was recojuioitred and 
sketched. BHbrts were made to extend the triaugulatiou into the 
Kwandar basin, but this was found impracticable. A large ])art 
of the Bori valley and tlie country siqjaratiug it from the Tal 
valley was surveyed on the »-inch scale, and ])arts of the Musa- 
Khel country and the Nalai and Mokhtar valley\s.'‘' 

In November 1H83 an expedition w^as oi-ganized to the Takht-i- 
Suliman mountain, west of the town of Dora Ismail Khan. The 
object of the survey expedition was to explore the Takht-i-Suliman 
mountain and complete as much of the tojjography as ])ossible of the 
Sherani country, keeping up a continuous border survey with that 
already completed to the north, which terminated about the line of 
the Gumal valley, and to tix points to the w'est. Thesi; objects wore 
generally secured, though the innumerable lines of hills traversing 
the central Afghan plateau were much dwarfed when seen from the 
lofty elevation of the Ivaisarghar, aiid no peaks appeared specially 
prominent. Many important geographical features in the Birmal 
hills, the Gumal and Zhob valleys, and the Musakhel country of the 


* Liculciiiiiit Wnluib'.s reports art* eontained in llic Pr(>(*<‘(‘(liiip^'i of (he (iovoriiniciit 
of India, llevonuc and Agrieultural J)e[)artinent (Survejs), March 188o, Nos. 19 
and 1^0. The Zhob valley has since been mapped by Colonel Holdich, 

K 9 , 
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Upper Vibowa (recently explored by the Hakim and the Bozdar) 
were easily identified, and the general correctness of the geography 
certified. Ynsnf Sharif’s survey of the Gumal pass connects the 
work withWaziristan on the north,* and a subsequent exploration of 
his filled in further details in continuation of the Bozdar’s topo- 
graphy ; so with the exception of the Dahua pass the topography 
of the country was continuous and complete from Kohat to the 
Rominuk pass.f The expedition had enabled the northern and 
highest peak of the Takht-i-Suliman group, Kaisarghar (11,800 feet 
above the sea), to be scaled, and much of the surrounding togography 
to bo checked and amplified by Major Holdioh and his assistants. 
The only opposition encountered was from some liot bloods of the 
Khiderzai clan, who by means of a flank movement were dispersed 
with but little trouble. In this manoeuvre the British force was 
guided mainly by the local knowledge of Sub-Surveyor Imam Baksh, 
Bozdar, who also comidoted the largest share of the topography of 
the adjoining country. 

This distinguished native officer during his 25 years’ active 
service took part in eight different campaigns or expeditions, and 
besides the Takht-i-Suliman surveys rendered most useful service in 
sui-veys of the Zhob river, the Vihowa basin, and Musakhel country, 
and also in Gilgit and Hunza, under Colonel Tanner. He Avas given 
a grant of 250 acres of land in the Dora Ghazi Khan district, and in 
1884, on his retirement, the title of “ Khan Bahadur ” Avas conferred 
on him by the Viceroy. 

In the Jowaki hills a tract of country left unsurveyed during 
the military expedition of 1877-78 was mapjjed out by Yusuf 
Sharif, Avith great courage and tact, tlie neighbouring chiefs being 
particularly enraged at the open manner in Avhich ho used his plane- 
table, and in spite of musket shots insisted on completing the last 
bits of the survey so as to fix the position of Musadarra. Further to 
the west some useful Avork was done by Mr. Claudius, who disguised 
himself and relying on the protection of the Chiefs, without com- 
panions or servants of any kind, but equipped with a small plane- 
table, unscrewed and in pieces, advanced up the valley of the Bar 

* Captain G. F. Ybun*; made some nseful eon tribut ions to the knowledge of 
Waziristaii in liis Notes on the Slmktu Valley, which liad been previously quite 
unknown. See Proctiediiigs Royal Geographical Society, p. /)37, 1882. 

I Ap[)endi.\', ]). xxxviii., Report of Surveyor-General of India for 1883-^4. 



geogkaphioal purvevh ang explorations. 


149 


Marai and ascended a lofty ])eak commanding the TJvakzai Tirali. 
Fraternising with the peojile, ho obtained all tho opportunities ho 
Required, and retraced his steps across the border. He then set 
cut on a second expedition up the Bizoti and Bara valleys, but his 
disguise was detected and ho was turned back by armed tribes. 
The topography of tho border was however extended as far south as 
Bannu. The tract extending to the Gumal valley was taken in hand 
by Mr. McNair, Avho sketched tho valleys of the Kaitu Kiirain, the 
Baran, theTochi.and theKhaisar, tho high lands of the Batanis, &c. 
This work was rendered especially trying by the orders giver that 
surveyors were never to camp outside the border; thus men Avcre 
often tired out with a long march before the day’s work began. 
Behind this strip of frontier survey continuous maps were produced 
by native explorers working bit by bit on one Iialf tho scabs of the 
other surveys. The “ Hakim ” brought in a reconnaissance of the 
Toebi valley and fixed the ])osition of the Kotanni pass which leads 
into the Ghazni basin. The “ Syud,” a well-known explorer, 
traversed the direct route between Bannu and Ghazni, but at tho 
latter place his disguise was detected, and ho was seized and 
imprisoned, but eventually w'as sent to Kabul and taken before the 
Amir, who allowed him to return to British territory by the Khyber 
route. Unfortunately some of his original documents were lost, but 
he brought valuable information regarding tin' iliroct route from 
India to Ghazni. Tho veteiun the “ Bnzdar” was not actively 
employed during the season 1882-811, hut various opportunities 
ouaWtd the accuracy of his work during tho previous season, when 
he explored tho affluents of the Gumal, the Sharan, and the Kandil 
rivers, to be confirmed. 

In March 1888 Mr. McNair and tho “ Syud ” started on a most 
adventurous journey into Kafiristan, the former assuming tho dress 
and disguise of a hahini or native doctor, for which jmrposc he shaved 
his head and stained his face and hands and wore tho dress peculiar to 
the Mians or Kaka Khols, a clan Avho possess influence throughout 
this part of Afghanistan and Badakshan. Tho party consisted of 
40 people in all, including muleteers, and 15 baggage animals, and 
among tho goods a prismatic and magnetic compass, a boiling-point 
and aneroid thermometer, and a specially constructed plane-table 
were secretly stowed. Tho latter article was in constant use 
throughout and answered capitally, as in case of surprise the paper 
in use was slipped inside ami the plane-table became a doctor’s pre- 
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scription book. On one occasion while observing on the summit of 
• the Laram Kotal, Mr. McNair was within an ace of being detected 
by the sudden appearance of four men armed with matchlocks, but 
in the twinkling of an eye the ruler or sight-vane was run up his 
long open sleeve, and the pretended doctor was absorbed in hunting 
for roots. 

Crossing the Swat valley and passing through Dir the party 
advanced over the Lahori pass and up the Kunar valley to Chitral, 
where they waited with presents on the Badshah, Aman ul Mulk. 
Mr. McNair was allowed to go up and reconnoitre the Dora pass 
over the Hindu Kush ; he says it is a little over 14,000 feet, tlie 
ascent is very gradual ana quite feasilde for laden animals, but 
owing to the people of Munjan and the Kafirs of the Bogosta valley, 
traders prefer the route via the more difficult Nuksan pass. Neither 
pass is open for more than throe months in the year. Mr, McNair 
also made an excursion westward of Chitral, by way of Bumbur and 
Bamburath over the water-shed into the valley of tlie ArnaAvai river, 
where he was well received by the Ludhe* villagers. A report was 
however spread about by a rival Kakar Khol, Rabat Shah, that two 
Europeans had come disguised into the country, and the ruler of 
Chitral having sent for Mr. McNair, the lalter was corajielled to 
return and abandon all f iirther attempts at exploration. He returned 
to Kashmir by way of Mastuj and Yasin, the route followed by 
Major Biddulph. A full account of this journey was given by 
Mr. McNair (who has since died) before the Royal Geographical 
Society, f and the following year the Society awarded him ' the 
Murchison grant for the same.J 

The depredations and uiirnliness of the tribes about the Black 
Mountain on the Hazara border necessitated the despatch of a 
punitive expedition in November and December 1888, which was 
accompanied by Captain R. A. Wahab, R.E., and two sub-surveyors, 
Imam Sharif, K.B., and Ata Mahomed Khan. The last-named 
surveyor, however, died at Kotkai, and the work consequently fell 

* This is evidently the Lut-dili territory mentioned by Major Raverty, at page 149 
(Section III.) of Ids “ Notes on Afghanistan,” &<\ The pass leading into the valley 
of the Oxus is called Apaluk by Major Raverty, and is said by the major to he fairly 
easy, but I have never seen any other reference to it. 

f On the loth December 1883, see Proceedings R. G. S. for 1884. 

X Kafiristaii has since been visited from the Chitral side by Dr. Robertson and 
Mr* Kitchen, Assistant Surveyor, in 1889-90, 
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on Captain Waliab’and Imam Sharif, wlio succeeded in mapping an 
area of 423 square miles on the -^-inch scale, including pi’actically 
the whole course of the Indus to a point considerably above the 
groat bend of the river near Thakot, and a good deal of ground 
across the Indus adjoining Buner. These operations combined with 
the results of the expeditions in 1852-53 and 1868, and with the 
survey of the Mullah (see page 141) enabled a now sketch map of 
the Black Mountain district to be compiled on the 1-iuch scale. 

Tibet, Nepal, and Bhutan . — The country between Sikkim, Shigatze, 

and Chetang was traversed by the explorer L , who started from 

Darjeeling in March 1875, with the inanition of reaching the Tsanpo 
and making a route survey along as much of its course as was practi- 
cable. The direct route from Sikkim to Shigatzo had not been 
previously surveyed, as it crosses a frontier line which is guarded with 
much jealousy by the Tibetans. Shortly after crossing the Kangra- 
lama La or Lachen pass he was taken prisoner and sent to Shigatze, 
where he was kept five mouths. He was then allowed to join a party 
of merchants and travelled eastwards to the Yamdok-tso lake, after 
which he turned northwards and followed the river to Olietang, but 
was warned that further progress along its banks was useless unless 
in company with a strong body of men to ]»rotect him from the 
robbers and wild tribes, so ho tunied southwards and tried to return 
to India by the route via Tawang taken by Pundit Nain Singh in 
1874-75. The authorities at the latter place however, stopped his 
further progress and confined him in the public flour mill. Event- 
ually he was enabled to return to Darjeeling via Giangtse Jong, 
J’hari, and the Chumbi vsilloy, Avhich had been partially traversed by 
Captain Turner in 1783. 

But the most remarkable of the journeys made by any of the 
Indian native explorers was that of A - - k in Great Tibet in 1878- 
82, in the course of which he traversed the entire breadth of the 
Tibetan plateau from its origin in the Himalayas to where its 
northernmost spurs die away in the Mongolian deserts, and ox])lored 
a large tract of unknoivn ground on the confines of Houth-Eastom 
Tibet and Western China. 

^ k, whose real name is Krishna or Kishen Singh Milm-wal, is 

by caste a Rawat Rajput, and first cousin to the late Nain Singh, 
O.I.E., by whom he was trained. The family have been established 
for many generations in Milam in Kumaun, where they are held in 

^^wTp^get’s Record of Expedition-s against the N.W. Frontier Tribes ; revised by 
Lieutenant A. II. Ma.son. London (Whiting & L'o.), 1881. 
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esteem an4 from whence they derive their designation of “ Milm-wal.” 
In 1812, when Milam was in Nepalese territory, Messrs. Moorcroft 
and Hearaey were travelling in Western Tibet disguised fakirs, afld 
under the assumed names of Mayapuri and Hargiri. They visited 
Hundes and Gartok, but on their return journey were taken 
prisoners and detained at Daba Jong, some 80 miles N.W. of the 
Mansarowar lake. Deb Singh and Ber Singh (father and uncle 
of Kishen Singh) hastened to proffer their good offices, a kindness 
which Moorcroft and Hearsey acknowledged in the following 
testimonial : — 

“ This certifies that Deb Singh and Ber Singh, sons of Dliatnoo, an inhabitant and 
man of consequence in the town of Melim in the country of Jooar, have shown to us 
great attention and civility. Under an ideu that we were in want of funds tliey 
offered us a I’Oondee on Sreenuggur for a thousand rupees, to be paid at whatever period 
might suit our convenience, and cither in money or goods Jis might Ikj most agn^eahle 
1o us. Although the state of our finances rendered the loan unnecessary, we h^vemucli 
pleasure in recording the circumstance and in giving this testimonial of the goodwill 
they boro lowai cls 

Northern foot of the Himachal mountains, near 1 (Signed) W. MooiicROFr. 

Daba, in Clnncsc Tartary. 2oth August 1812. j ,, . H. J. Hearsky. 

A second testimonial signed by Mr. Moorcroft alone, bearing the 
same date, recommends that the Honourable Company’s officers will 
afford all due facilities to Deb Singh and Ber Singh in enabling them 
to dispose of their merchandise on the British side of the frontier. 
The release of Messrs. Moorcroft and Hearsey was eveuiually effected 
by the interposition and on the security of Deb Singh and Ber 
Singh, but the certificate from Moorcroft giviug the particulars of 
the incident has unfortunately been lost. The otlier certificates are 
still in the possession of Kishen Singh. 

Kishen Singh had made several successful explorations before 
undertaking his fourth journey, viz : — 

(1.) 1869. — From Milam in Kumaun to Bakas Tal lake in Great 
Tibet and thence southward along the Karnali river to 
Kathai Ghat in British territory. 4t)0 mUes. 

(2.) 1871-2. — From Shigatze to the Tengri Nur and thence to 
Lhasa, 300 miles.* 

(3.) 1873-4. — From Tankse in Ladak to Kashgar and beyond, 
thence south-east to Polu and south to Noh in the Pangong 
and back to Tankse, 1,250 miles.f 

On the occasion of his fourth and greatest journey Kishen Singh 
was accompanied by a Bodh fellow-villager called Chambel, who, 

* Beport of Great Trigonometrical Survey for 1873-74, Appendix 2. 

t See page 442 of Report of a Mission to Yarkund in 1873.” Calcutta, 1876. 
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though not so highly educated as Kishen Singh, and a good deal older, 
displayed the most nnsworving fidelity throughout their wanderiiifjs. 

]£ ^nd two companions left Darjeeling on the 24th April 

1878, and proceeding as Captain Turner did in 1783 by way of the 
Jelep La pass and the Chuinbi valley, he passed through Giangtse 
and the Yamdok-tso lake, which he described as shaped like a horse- 
shoe. The Sanpo was crossed by the famous suspension bridge 
north of the lake, and on the 5th September 1878 the party arrived 
at Lhasa and replenished their merchandise. During his stay there 

A k employed his time in learning the Mongolian language and 

in collecting a large amount of information regarding the city, the 
people, and their customs. It was not till the 17th September 1879 
that A — k was enabled to join a caravan proceeding to Mongolia. 
The party consisted of 105 persons, 60 of whom were Mongolian of 

both sexes and the rest Tibetans, including A k’s party of six. 

Groat care had to bo exercised to avoid the roaming bands of armed 
and mounted robbers, sometimes 300 strong, which infest Northern 
Tibet, and this necessitated the adoption of a more westerly route 
than the regxilar line of march to Sining. At the Ma-chu river, one 
of the tributaries of the Upper Yangtse-kiang, a caravan proceeding 
to Lhasa was met, but it was subsequently turned back by snow, and 

A k’s party fell in with it again on descending from the Angir- 

takshia or Kuen Lun mouiitainsf into the Naichi valley. The last 
part of the journey had proved very severe, and several of the beasts 
of burden had succumbed. The Naichi valley is several thousand feet 
lower, and is covered with rich pasturage, whioh affords sustenance 
to lai'ge herds of ponies, thick-tailed sheep, Bactrian camels and 
goats. It forms part of the Tsaidam depression, the drainage of 
which appears to have a general westerly flow, but no outlet into 
the Lob basin.* The Mongolian nomad inhabitants proved to be 
very hospitable, and they invited the members of the caravan to 
lodge with them. At Thingkali the caravan was attacked by 200 
mounted robbers ; a battle ensued, and after a somewhat desultory 
.firing the robbers fell upon the party with swords and spears, so 

A k and his friends fled with only their arms and instruments. 

At Hoiduthara the party were very kindly treated by a Tibetan 
of Giangtse, and remained with him three months. They then 

• This i infer from the heights on tlie late General Prshevalsky’s map. 

f An exhaustive memoir, by Captain G. Kollm, on the Kuen Lun range will be found 
in the Zeitechrift of the Berlin Geographical Society (Band XXVI., 1H91, No. 3). 
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turned to the north-west through the region traversed by General 
Prshevalsky in 1880. In some of the valleys adjoining the Saithang 
plain (between 38° and 39° N. latitude) wild men are said to exist 

(Prshevalsky mentions having seen one). A k states that these 

men wear skins and live in caves and glens and under the shelter of 
overhanging rocks. They are ignorant oven of the use of arms, and 
lie in wait for their prey near pools or springs of water, and are 
remarkably swift of foot. They kindle fire with flints and flay the 
animals they kill with sharp-edged stones. In this region wild 
camels and wild horses are also found. 

At Yembi, in Saithang, the party remained three months, but hero 

M g, one of A k’s companions, treacherously deserted with 

150 rupees in coin and five ])ouies, and this compelled A k to 

take service for five months. Their next im])ortant resting place was 
Saitu, called Sachu by the Mongolians (Shachau of Marco Polo). 
Fruit and vegetables are hero abundant ; cotton is also cultivated, 
and the Chinese Governor has lately established a mannfactoiy for 
weaving silk cloth. The climate is generally healthy and like that 

of Yarkand, though A k was attacked by a peculiar disease in 

the legs, said to be due to walking bai’ofoot on a particular kind of 
soil. In August 1881 the travellers left Hachn, and retracing their 
footsteps ci'ossod the continuation of the Kuen Lmi rangef by a 
more easterly route than that they had ])roviously taken, and found 
themselves on the Tibetan plateau, close by the sources of the 
Hoang Ho, which were afterwards visited by I’rshevalsky on his 
last journey in 1884-85. They crossed the Ma-chu, as the ifrjiper 
waters of the Hoang Ho are hero called, and travelled southwards 
by a lonely, uninhabited route leading across the Hi-chu or IJitpcr 
Yangtse-kiang to Kegudo, which is a place of trade. From this 

place A k proceeded almost due S.15. in company with a trader 

for Harchendo or Tasienlu, and which was reached after a long 
journey on the 5th February 1882.* This city is a market, chiefly 
for tea, which is grown in gardens to the east and carried to Lhasa 
and to various places in Tibet, and even to Kashmir itself. The 
city is governed by a Chinese officer, assisted by several subordinate 
officials ; there is also a Tibetan officer who possesses a jurisdiction 
over the original inhabitants. A k was kindly received by two 

* TJlis part o£ the journey coincides rou^yhly with that o£ Mr. Rockhill, formerly 
Secretary to the American Legation in Pekin. (Sec Proceedings of the Uoyal Geo- 
graphical Society, p. 730 of 1889* Also Mr. R.’s book, published by Longmans, 189L) 

j* See note on previous page. 
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Jesuit Fathers who lived outside the city, and by ono of them he 
was presented with an introductory letter to his clerical brethren at 
Bathang and Darjeeling, and with a small gift of money. The same 

priest also apprised the Surveyor-General by letter of A k’s 

safety, which was a great relief to General Walker, as some alarming 
rumours had reached India in the meantime, owing to the absence of 
any precise intelligence. 

A then set out on his return journey to India, proceeding 

due east by the regular official road through Lithang to Bathang. 
At the latter place the party diverged in a S.W. direction, and the 
Di Chu (Yang-tse-kiang), Ohiamdo Chu (Mekong), and the Giama 
Nu ^hu (Salwen)* were traversed in succession. The first of these 
rivers was crossed by a feriy, the second by a slanting leather rojie 
to which men and even animals are attached in a sort of sliding 
cradle of rope. The Nu Chu, which is deejj and rapid and 200 paces 
wide, was crossed by rafts propelled by oars, and prevented from 
going down the stream by some of the boatmen holding on to a 
rope stretched across the river. The Tila Iia jtass Avestward 
(16,100 feet) gave the travellers their first access into the basin of 
the great rivers of Bengal, the river Zayijl__Clua wliich drains the 
valley being the same as Wilcox’s Brahmakund and T. T. Cooper’s 
Brahmaputra. 'The latter traveller succeeded in ascending the 

stream as far as the village of rrun.f A k descended it as far 

as Bama, which is about 20 miles from the Assam boundary, and 
which is the place where Krik and Boury, the two French missionaries, 
wore murdered in 1^54. J The Zayul district belongs to a distinct 
hydrographical basin, and is waianer than any other ])art of Tibet. 
Criminals sentenced to transpoilatiou for life arc sent thither. The 
inhabitants speak a very different language from that of the Tibetaiis, 
which, however, they understand. Many of their customs arc more 
akin to those of the Hindus, and they raise two crops, harvested in 
the autumn and spring respectively. 


* This river has been jijcr.erally hithorlo nssiiined to be the upper course of tlie 
Salwen river, and this is the view 1 endeavoured to establisli in iny letter to iho Ro} al 
Geographical Society (see Proceeilings for 1883, p. 004). General Walker, however, 
thinks that it is more probably the source of the Imwadi ; aw Proceedings of the 
Il.G,S. for June 1887, 

t See Tito Mishmee Hills (London : II. S. King & Co.), p. 228. 

J Memorandum by Moiiseigneur do Mazure in Journal of the Asiatic Society, 
Vol. XXX. 
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At Satna A k was informed that ho would certainly be killed 

if he tried to pass through the Mishmi country, consequently he was 
reluctantly obliged to return by a northerly and circuitous route' to 
Lhasa leading over the Neching Gangra range, which appears to 
be the eastern prolongation of the Himalayan chain.* ** The route lay 
in a northerly direction, and to the west of the Giama Nu Chu ; 
many of the streams crossed draining into it. At the fort of Lho 
Jong the great high road from Darchendo to Lhasa was struck, and 
thence the route lay westward and fairly coincident with that 
followed by the Abbe Hue on his return journey from Lhasa to 
China, but instead of revisiting the capital, A k travelled south- 

wards to Chetang on the Brahmaputra, and finally arrived at 
Darjeeling on the 12th November 1882. 

Such are the main features of this remarkable journey, which 
extended over 3,000 miles of country, and lasted over four years and 
a half. There is much of considerable interest in Mr. J. B. N. Hen- 
nessey’s Rcport,t which it is impossible to reproduce here, but one 
important result was to demonstrate the fact that the great Tibetan 
river, the Sanpo, does not flow into the Irawadi basin, and that it 
has no other possible exit than through the channel of the Dihong. 
During the course of his travels A— — k took observations for 
latitude at 22 stations, and heights by boiling point at 69 places. 
He displayed great ingenuity in secreting and preserving his instru- 
ments throughout all his troubles, and his perseverance and pluck in 
the face of disasters and pi’ivations earned for him the highest praise 
from his employers, and from all geographers. He was rew&rded 
with a grant of a jaghir of land from Government, the title of Rai 
Bahadur, a grant of money from the Royal Geographical Society, 
a gold medal from tho Pkris Geographical Society, and one 
awarded by the Venice Geographical Congress. Still more meri- 
torious were A k’s courage and perseverance amid difilculties 

sufficient to have daunted most men. Not only was he plundered 

* A' k tEayellcd <lQiyn,the Zttyal river to about. ,1P. miles below, Itima ; there he 

ascertained from native iiiformation only that it is the source of the LolutJljrahtnapatia 
whiphjlawa into Assam, The ac<-uracy of this information having been questioned, 
]ilr. Needham, a Britis h Police Officer in Assam, made an adventurous journey up the 
JLohit Brahmapatra to a point witliin a mile of Rima, and conclusively ascertained that 
the Zayiil is the .source of that river. See General Walker’s paper on the Ln river of 
Tibet, in the Protteedings of the R.G.S. for June 1887. 

f Report on the Explorations in Great 'Pibct and Mongolia, made by A k in 

1879-82. Debra Dun, 1884. 
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by the Chiamo Golok robbers of nearly all his possessions, including 
the goods which had been provided, as usual, to enable him to 
traffic and pay his way, but when, still refusing to turn back and 
exploring further northwards, he was deserted and again robbed, 
this time by one of his two companions, who left him and his faithful 

comrade L c practically paupers. He was then more than 1,(XX) 

miles, as the crow flies, from British territory, friendless and 
dependent on charity, yet he pressed on, keeping his face from home. 

Though for 2,0()0 miles he and L c literally begged their way, 

yet he continued his observations to the very end with regularity, 
care, and skill, so that he rejoined the survey headquarters with all 
his little notebooks and instruments intact. His work proved to be 
of excellent quality and complete in every respect. Ordinarily 
explorers pay their way through their goods, and when these are 
expended, borrow money from friends or incur obligations which 
have to be made good. A — k was absent full twice the time of 
any other explorer, but when asked for the usual contingent bill, 
replied that ho had paid nothing, and had no claim to prefer. Both 

A- k and L c (who is the elder of the two) were quite 

incapacitated by the hardships and anxieties undergone from under- 
taking any similar work in future. 

It should be mentioned that a small portion of A k’s route 

was subsequently traversed by Mr. A. D, Carey, of the Bombay 
Civil Service, whoso journey, though not that of a member 
of the Indian Survey Department, may be briefly noticed here, 

especially as he bears testimony to the accuracy of A k’s 

work. Mr. Carey started from Leh in August 1885, and, in company 
with Mr, Dalgleish, who acted as interpreter, proceeded to Kiria, 
in the Tarim basin, through the uninhabited tract of Tibet lying 
between the Pangong Lake and Polu. Ho then travelled to Khotan 
and traversed a large portion of the great desert, first following the 
Khotan river to Shah Yar, and then the course of the Tarim river 
to Lake Lob. From thence he travelled southwards, ascending the 
various huge ranges of mountains which here buttress the northern 
face of the Tibetan highlands, till he reached a lonely point called 
Mugzisolma, near the upper waters of the Yangtze-kiang, and south 
of the Angirtakshia pass over the Kuen Lun range. He then turned 
northwards through the Naichi valley, where good grazing and 
plenty of firewood and water were obtained, and having abandoned 
the intention of proceeding further south in the direction of Lhasa 
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on account of the difficulty of getting supplies, he returned through 
the Sirthang plain and Sachu (both of which had been visited by 

A k), and from Nainshe crossed the desert to Hami. From •the 

latter place he followed the usual route along the foot of the Tian 
Shan mountains through Turf an, Karashahr, Kuchar, Aksu, Yarkand, 
and the Karakoram pass to Ladak. 

The journey forms an extremely interesting link between the 
discoveries of Prshovalsky in his two Tibetan journeys of 1879-80 

and 1884-85 and those of the Indian explorer A k, and was of 

such importance as to earn for its author the gold medal of the 
Royal Geographical Society. 

A great deal of geographical and general information respecting 
Tibet has been collected within the last few years by two native 
officials of the Bengal Educational Department, viz., Babu S. 0. D. 
and the Lama U. G. In 1879 S. C. D., being about to journey to 
Shigatze on business of his own, and anxious to make the most of 
his opportunities for acquiring new geographical information, under- 
went a course of training in surveying and observing, under the 
Pundit Nain Singh. He then set out from Jongu, in Sikkim, and, 
traversing the north-east corner of Nepal, crossed into Tibet by the 
formidable Chatang La pass and travelled northwards to Shigatze, 
on the Sanpo. He returned by much the same way to near 
Khamba Jong, and re-entered Sikkim by the Donkia pass. His 
journey was fruitful of information, the observations of bearings and 
distances were carefully taken and recorded, and of much value 
for mapping. , 

S. C. D. is the author of a “ Narrative of a Journey to 
“ Lhasa, 1881-82,” with a supplementary paper on the Government 
of Tibet.* The work, though at times overladen with traditions 
and legends, is a most interesting and valuable description of the 
journey, of the country, and of the people, though the geographical 
information is rather meagre. The route followed by him and his 
companion in 1881 starts from Darjeeling and runs byway of the 
Kongla-chen pass, Tashi-Lhunpo, Dong-tse, and the Samding 
monastery to Lhasa, and thence back again to Darjeeling. 

8. C. D. intended to publish a second volume, containing a 
narrative of his journey round Lake Palti, a series of papers on the 

* Bengal Secretariat Press, Calcutta, 1885. 207 pages. The Secretary to the 
Royal Geographical Society has informed me that they propose to bring out a carefully 
edited abstract of this work. 
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history, antiquity, customs, manners, &c. of the people of High 
Asia, and an account of the explorations of Lama U. G-., but 
the author does not appear to have carried out this intention. Of the 
Lama U. G.’s second journey no record appears to exist, though the 
results of all the three journeys were embodied by Colonel Tanner in 
the S.W. section of sheet 0 of the N.E. Transfrontier Series 
of maps. Of the third journey a short account has been prepared 
by Colonel T. H. Holdich.* One of the most interesting features 
of this journey was the Lama’s complete account and survey of the 
famous Yam-dok-tso or Palti lake.f This lake first apjieared on the 
map prepared by D’Anville from the Lama survey, and published 
by Du Halde in 1735. It was there shown as a ring-shaped lake, 
and so represented on all later maps, but the explorer L., who 

travelled in Tibet in 1875 and 187G, and A k, who passed 

it on the 31st August 1878, both remarked that the so-called island 
in the centre was in reality connected "witli the mainland. The true 
name of the lake was reported by the Lama to be Yamdok or 
scorpion lake, an apjjellation which shows that the Tibetans must 
have had some maps, giving a fairly correct idea of its shape. 
Villages and monasteries are dotted on the margin of the lake, which 
is embosomed by mountains, except at its eastern extremity, where 
there stretches a far-reaching plain of rich sward, on which graze 
thousands of cattle, horses, and beasts of the chase. On the hilly 
peninsula, which is encircled by the two scorpion claws, is an inner 
lake about 24 miles in extent and 500 feet above the level of the 
Yamdok lake, and on its shore is the great Samding monastery, 
where S. C. D. was very nearly breathing his last.! The question 
of an outlet to Lake Yamdok is still left in uncertainty, though the 
probability is that its waters find an outlet down the Eong-chu into 
the Saupo. The Lama brought back a wonderful native story, that 
occasionally the waters of the Banpo rise and those of the lake sink, 
so that the flow of the Kong-chu is then the other way. The altitudes, 
however, make this an impossibility. The Lama then proceeded 
southward by tho Pho-mo-chang-thang-tso lake (10,050 feet), 
respecting which he was the first traveller to bring back any infor- 
mation, to the Menda La pass (17,450) feet, which leads over the 

* Report on Explorations, &c. in Sikkim, Bhutan, and Tibet. Delira Dun, 1 889. 

■j* A good deal of inter<;sting information respecting the Palti lake will be found in 
a note on page 214 of Mr. C. R. Markham’s Tibet : Bogle and Manning (Triibner), 

if ** Narrative of a Journey to Lhasa in 1881—82.” Calcutta, 

1885. 
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water-shed of the central Himalayan chain* into the valley of the 
Lhobra Sanpo xiver or upper Manas. Here he had struck into 
the Indian hydrographical basin, and very soon he entered a well- 
f)eopled and highly cultivated valley, resembling Sikkim, and said 
to be the most fertile in Tibet. At Lhakhang-Jong, a little north of 
the frontier, the Lama’s goods were searched and his true character 
as an explorer was revealed to the authorities, but by dint of judi- 
cious bribes and his skill in meeting cross-questioning, he was 
allowed to depart, his fair note book being alone destroyed. He 
then made his way north-eastward, and passing through Chetang, on 
the banks of the Sanpo, and the great Sam-ye monastery, probably 
the most important in Tibet, he arrived at Lhasa, where he stayed 
for a few days and had a friendly interview with the Nepalese agent. 
He I’eturned to India by way of the Yamdok-tso and Pho-mo-chang- 
thang-lso lakes, and the Chiunbi valley to Darjeeling, which he 
reached on the 15th December 1883. 

The valley of the Arun river was traversed in 1880-81 by a Hindu 
explorer, G. S. S., up to the water-shed between Nepal and Tibet. 
Crossing the mountain range he advanced to the Tibetan village of 
Karta, beyond which he was not allowed to go. He brought back 
some new information respecting routes in Nepal, though his 
observations were few and disconnected. 

During 1884-85 the designation of the Darjeeling party was 
altered to that of the Himalaya party, and under the superintendence 
of Colonel Tanner a variety of work was performed. The blocks for 
tea cultivation in the Darjeeling hills, were demarcated with perma- 
nent pillars, progress was made with the demarcation of the Nepal 
boundary, and triangulation over 550 square miles was executed in 
the Simla Hill States.f The most important part of the operations, 
however, consisted in the triangulation carried on in the following 
localities, so as to extend our knowledge of the Himalayas, viz., {a) 
on the Gaiidak river, (b) from stations of the North-East Longi- 
tudinal Series in the plains facing Eastern and Central Nepal, (c) 
in the terai along the Mechi river, and in the Daling hills from bases 


* See my article Himalayn Mountains in the “ Imperial Gazetteer of India,” for 
general view of the structure of the mass of the mountain range referred to. Colonel 
Godwiii-Austen also submitted an elaborate map and address on the same subject 
before the British Association at Southport in 1883. See Proceedings, Boyal 
Geographical Society, 1883, p, 610, and 1884, p. 83. 
f See also p. 99. 
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derived from the Darjeeling survey, (d) from the stations facing 
Western Bhutan, based on the data of the Assam Longitudinal Series, 
and (e) from the stations in Eastern Kumaun facing Western 
Nepal and Tibet. 

The last-named operations were conducted by Colonel Tanner in 

person, assist(?d by R N . They crossed the liipu Lek pass 

(16,800 feet) at the north-eastern corner of Kumaun, but were 
ordered back by the Tibetan Governor of Taklakhar, on approach- 
ing that place. Colonel 'runner says that the Lipu Lek pass is one 
of the easiest between India and Tibet, and though the surrounding 
tracts are not so populous as Eastern Tibet and the road between 
the pass and Kumaun most arduous, the trade in grain, salt, and 
borax is already very considerable. The Jong Pon or Governor of 
T'aklakhar asked Colonel TanTier what object the English had in 
making roads in Kumaun, and why they wished to leave the beautiful 
])lains of India for such a barren country as Tibet ? How Avas it 
that the English were always craving for the territories of others ? 
Colonel Tanner replied that the English did not in the least desire 
to occupy such a comfortless and bleak land as theirs. “ Bleak, do 
'• you call this ? was the rejoinder, “ Why, you are uoav in the 
“ very garden of Tibcd! If you call this barren what would you say 
“ of other parts where there is literally nothing but rock and ice? 
“ Go back now to India, you have seen the most inviting (!) part of 
“ our country, the rest is not worth a visit. Our Government don’t 
“ allow the English in Tibet ; but you, one and all, try to push 
“ your way past our frontier posts, and never consider tliat, if you 
“ succeed, our governors and officials on tho frontier lose their heads 
“ for not stopping you ! ” 

The scenery a few houi’s below the Lipu Lek is remarkably fine. 
Below Budi, in the Kali valley, a series of stone steps or ladders 
commences? over which the traveller has to make his way for a day 
and a half before he reaches an ordinary mountain-path. This 
extraordinary trade route consists of a kind of winding staircase, cut 
into the rocky face of the cliffs, and in many places overhung with 
crags, with a seemingly bottomless abyss below. On Colonel 
Tanner’s return to India the whole flight of steps was literally 
crowded with thousands and thousands of laden sheep and goats, 
making their way up into the high lands of Tibet ; and the perils were 
increased by the sheep obstinately rushing past regardless of the 
consequences to themselves or others. Many animals are annually 

I Y 20821 . L 
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precipitated over the cliffs, and how the trade has been carried on 
under circumstances of such exceplional diflRculty is a marvel. 

B N , who was Colonel Tanner’s companion through the 

above work, also completed the very arduous undertaking of a circuit 
round the great Kanchanjanga mountain, not only supplying a sketch 
of the peak and its dependent spurs, but also a delineation for the 
first time of the boundary between North-eastern Nepal, Sikkim, and 
Tibet. 

In 1887-88 the reconnaissance ami approximate triangulation 
of 'We atorn Nep al were extended eastwards from the Kumaun 
boundary to the Gandak river, which has formed a sensible addition 
to our geographical knowledge of that country. But a good deal 
still remains to be done. Materials are most scanty whore the 
Gandak and Baghmati rivers break through the Himalayas into 
the jjlains, and most abundant, of course, in the tracts adjoining 
Kumaun and Sikkim, whither observers have been able to gain 
access without difficulty. The greater part of the operations in 
1887-88 were don(! by Sub-Surveyors Rinzin Nitngya and Ram Saran 
by distant sketching from the tower stations of the N.E. Longi- 
tudinal Series of the Great Trigonometrical Survey and with the 
aid of ])reviously fixed distant peaks, a method which enables 
the Surveyor to fix fairly enough the prominent points of ridges 
and any other features seen and identified, but which leaves him 
someivliat in the dark as to the run of the valleys and the details 
of the drainage. Be.sides these rcconnais.sance surveys the only 
other information we ])Ossess is derived from the route surveys of 
the few native explorers who had traversed the country from time 
to time, and from a survey by Major Wilson and Captain Barrow of 
the valley of Khatmandu. The^ chief difficulties attending Hima- 
layan surveying of this character are due to the hazy and cloudy 
state of the atmosphere, which nearly always obscui’es the central 
band of mountains. 

Bhutan is another region of which our knowledge is still very 
fragmentary, and this appears to be mainly due to frequent internal 
dissensions and the generally unsettled character of the country. 
According to R. N., who explored tracts in Eastern and Western 
Bhutan in 1885-8G,* the government is nominally vested in two 

* lioporton till} Exploitttions of Ltima Serap Gyatsho and four other native travellers 
in Sikkim, Bhutan, and J'ibet. Delira Dun, 1889. An interesting critical review 
of the journey, giving many additional details, will bo found in the Indian Survey 
Keport for 1886-87, page Ixxxvi. 
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functionaries, tlie secular lioatl or Deb llaja, and the religious head 
or Dharma Eaja, but the real power lies with several chieftains, who 
are always plotting against each other to sot some relative of their 
own on the throne. Hence R. N. and his companion P. A., who 
had entered Western Rhutan from Sikkim and the Chumbi valley, 
were unable to continue their journey eastward across the country 
as Pemberton had done in 1838, and were compelled to travel 
southward to BnxaDuar, re-entei’ing Blnitaii at its eastern extremity 
at Dewangiri. From this point they travelled to the north-west, 
ascending the Pumthang river, one of the princijial feeders of the 
Manas, up to the Tibetan frontier, and thence travelling eastward 
returned by way of Tawang. The route closes on to that of 
Captain Pemberton (1838) in Bhutan, and of Lama U. Gr. in Tibet, 
and the results have helped greatly to supply a sketch map of 
Bhutan, which has been embodied by Mr. W. G. E. Atkinson in 
sheet No. 7 of the N.ltl. Transfroutier Series. One result of the 
journey was to prove that the Kuril or Lhobrak Chu is the largest 
river of Bhutan, and diuins the country betwi'cn the Yamdok, 
Pho-mo-chang-thang, and Tigu lakes, and tlie glaciers of the 
Kulha, (langri, and other gi-eat ranges.* R.N. also discovei’ed a 
new tribe called Chingmis in the eastern part of Bhutan. Though 
resembling the Bhutanese in dress, the}^ differ in wearing pigtails, 
are of a more amiable dis])ositiou, and live iu better liouses, but do 
not, like the Bhutanese, form ])art of the official class. 

An account of the lower Sanpo was written by the Mongolian 
Lama Scrap Gyatsho between 1856-68. His narrative.f however, 
is mainly continod to a list of names of monasteries, sacred places, 
and villages, with an occasional digression into history, description 
of wild l)oasts, &c. It contains but little geograidiy, and being' 
based, moreover, on data collected nearly 30 years since, must bo 
altogether accepted with caution. Nevertheless, the information, 

such as it is,jcombined with the account of K p (a more recent 

explorer) enabled Colonel Tanner to compile a sketch map of that 
part of the Sanpo which had been previously a complete blank on 
the maps. 

Geographers appear to have been in some uncertainty regarding the lower course 
oi* the Lhobrak, In my article on the “ Himalnya Mountains,” in the “Imperial 
Gazetteer” of India, 1 snggesb'd that the Manas was in rtality (he lower eouise of the 
Lhobrak; but in Mr. Markham’s work “Tibet: Bogl(‘ and Manning,” the Lhobrak- 
chu and the Subansiri are supposed to be identical. 

f footnote on previous i>agc. 

L 2 
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K p, the explorer just referred to, is a native of Sikkim, and 

had accompanied G. M. N. (another employ^ whose work is referred 
to on the next page) to Gyala Sindong on the Sanpo, besides having 
since traversed Bhutan with R. N.® K— ^ — p went as servant to 
a Chinese Lama whom the late Captain Harman sent to Gyala 
Sindong to throw marked logs into the Sanpo, having previously 
arranged for watchers to be stationed at the junction of the Dihong 
and Brahmaputra to ascertain whether the logs came down by that 
course, and to settle by this means the identity of the Sanpo with 
the great river of Assam. The Lama proved a faithless rascal and 

having sold K p returned to his own home in China. K p 

managed to escape and return to Darjeeling after an absence of 
four years, having traced the course of the Sanpo down to Onlet, 
nearly 100 miles lower than any previous exi)lorer and to within 
one march of Miri Padam, which is said to be only 35 miles from 
the nearest plains of India. K— — p not being a trained explorer 
the information he brought is not based on a route survey, and can 
only be regarded as a bon5, fide story of his travels related froin 
recollection two years after his return. The account was translated 
into English from the original by Norpu. 

Prom G^-ala Siugdong downward the river is enclosed by 
snow-clad mountains on which the Avihl yak and Tibetan stag 
abound. The country is here calleil Pcmakoichen, and is inhabited 
by Chingmis, a race which R. N. had mot in north-eastern 
Bhutan (s<v particulars on preceding page), and which occupies 
a considerable extent of country eastward as far as the Sanpo. 
They resemble partly the Bhutanese and partly the Men tribes 
around Tawang. Those in Bhutan are described as more amiable 
than the Bhutanese proper, and as living in houses of better 
construction, while their affinity to the Chinese is shown by both 
sexes wearing pigtails. They extend as far as Daugam on the 
Sanpo river, where the iiO river joins it. Below that point 
Tibetan names and influence cease, and the country of three tribes 
of aborigines called collectively Lo Kabtaf commences. They are 
averse to anything savouring of Buddhism or Tibetan habits ; they 

• For narrative «ee “ Report on Explorations iii Sikkim, Bhutan, and Tibet.” 
Dolini 1889. Sec also Colonel Tanner’s interest ‘‘Notes” in the Indian 

Survey Report for 188G-87, pa^e Ixxxvi. 

t Compare the Lhok’haptra of De La Peuna and L’hok’bapha of Klaprotln "‘ See 
Markham’s Tibet, pages 311 and 312. 
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are great hunters, and shoot either with bows and arrows or with 
matchlocks the bison and other game which is found in plenty on 
•the mountain slopes. The Padams at the lowest portion of the 

Sanpo reached by K p are known to us, on the authority of 

Mr. Needham, as Abors. 

An important piece of geographical discovery in connexion with 
the course of the gre at ri ver of Tibet, the 8anpo, was accomplished, 
in 1878, by a Sikkim Bhutia G — m — n, who had boon trained by 
Lieutenant Harman, R.E., in the tise of the prismatic compass, in 
plotting his work, in the use of a boiling-point thermoincfor, and 
the reading of a sextant. This traveller followed the course of the 
river from Chotang, a village visited by the Pundit Nain Singh, m 
an easterly direction to the Chamkar monastery (Tchamca of 
D’Anville), beyond which the river makes an acute bond and flows 
south past Cyala Syndong (the furthest point reached by (I — m — n) 
and the Gimnchen country into a country which the natives say is 
“ ruled by the British.” This journey thus threw eoiisitlerablc light 
on the further course of the Sanpo and (assuming it to be one aiid the 
same as the Dihong of Up})er Assam) reduced the unknown section 
of the river to about 100 miles, a distance which was eventually 
diminished still further by the Journey of K. P. in 1S8G-S7 {sir. 
preceding page), which may be considered as the complement of 
G — m — n’s exploration. H’he latter traveller also brought back 
particulars of various places in the valley of the Sanpo which are 
to be identified with names of DAuville’s map. lie also visited the 
yswiidok-tso or “ Palti lake” of D’Anville and furnished an 
interesting description, with sketches of the great iron suspension 
bridge at Chazumtuka or Chagsum by which travellers bouiid for 
Lhasa from the south-west cross over the Sanpo river. 

Burma and Assam Frontier . — The opening up of the Assam frontier 
was pressed on the attention of the Secretary of State oven before 
the annexation of Upper Burmah. On the 31 st July 1878, a deputa- 
tion, headed by the late Mr. W. B. Forster and Sir R. Alcock, and 
comprising Col. Godwin- Austen and various gentlemen interested in 
Assam and its tea-trade, waited on Lord Cran brook at the India Office 
with a memorial praying for the improvement of the communication 
between Calcutta, Assam, and China, and for preliminary exploration 
along the connecting route across the moiin tains. 'I'he matter was 
commended to the notice of the Government of India on the 
29th August 1878 (Despatch No. 46 (Geographical)). The papers 
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wliich. form Appendix B. to G. T. S. Report for 187G-77 (mi Survey 
Proceedings for April 1878) contain some intei'osting details as to 
the geography of N.E. Assam, and a Note (Appendix B.) on the old" 
Burmese route over the Patkoi and by way of Nongyong, viewed as 
the most feasible and direct I’outo from India to China. The deputa- 
tion undoubtedly helped to concentrate attention on this important 
region, and some useful exjdorations wore subsequently made (see 
Topographical Survey chapter, p. 79). 

The military events in Upper Burma leading to the deposition 
of King Thoebaw and the annexation of the country to the British 
Crown, necessitated the employment of surveyors, and in the 
spring of 188G Captain Hobday hrft the Andaman islands,* which 
ho had been engaged in surveying, for Mandalay. The latitude 
and longitude ami altitude of that city wore determined, and a 
p7’olimina7'y 77iap of the siirrou7idi7ig cou7it7‘y Avas co7npilod fro7n 
the reco7i7iaissiinces of olticers Avitli the Buiana Field Force. In 
May Captain Hobda,y and Sub-Surveyor xihiiiad Sayad accompaniod 
a milita7y expedition into tlie Kachin hills, south-east of Bha7770, 
and in the following 7nonth one to the south-east of Mandalay. 
While carrying on his Avoi'k at a place eight luiles oast of Kyo7iksc, 
Ahmad Sayad was attacked by Shan dacoits and killed. The 
despatch of a tolcgivipli [)arty to lay a line fi’oin Maiulalay to 
Bhamo gave oj)portunity for the exto7i.sion of the tria7igixhition aixd 
topogra])hy 7707‘thwards up the li’awadi. The suxwey of the city 
of Ma7idalny on the O-inch scale, coverixig altogether an area of 
50 miles, was completed as Avell as a sketch xnaj) of the new ca7i- 
tomnont site at llhamo. 

I 77 the later part of 188() the suiwey detach7nent i77 Upper Burma 
was strengthened and imlargod, axid sevo7'al reconnaissances wexxi 
made ixi connexion with the various 7nilitary jnovcjuonts undoj’takon 
for the ])acilication of the couxitry. In November Captain Holxlay 
and a sub-survey07' accompa7iie(l a colinmx fro7n Mandalay to 
Thonze md Pym-ul-AAd7i and i‘0tur7ie(l by the same roixte. In 
January Captain Holxday joined another ex^xedition from Mandalay 
to the Shan State of Mainloxi, via Lamaiug and Kalagwe, axid then 

^ A good account of the Little Andamans (which Professor Flower has described 
as one of th(‘ most isolated spots in the civilis(‘d world) was given by Mr. M. Portman, 
before tho Ivoyal Geographical Society on the 3()th »J anna i*y 18S8. aSVc Proceedings 
Royal Geographical Society, p. o(37. I'Jie Great Andamans art^ hettfu* known, and an 
admirable article on the two groups, from the pen of the late Sir Henry Yule, will l)e 
found in the Knci/clojxedia Britannica. 
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proceeded with tlie troops to tho Eiiby Mines, rotuniing from 
Mogok, the ruby-mining centre, to Thabcitkyun on the Irawadi. 
He also took advantage in March of tho return of the Tsawbwa of 
Thibaw from Mandalay to his capital, under escort, to accompany 
tho paiiy which travelled through Nammaw and Goteik to Thibaw, 
where ho halted and explored tho surrounding country. Tlio area 
reconnoitercd and mapped during tlioso various expeditions in tho 
Northern Sliau States and tlie Ruby Minos district amounted to 
about 3,000 sqxiaro miles. Major Hobday remarks of tho Shans 
that ho believes them to be a peace-loving cominunity, who have 
only boon e.xcitod to wage war one against another by tho intriguing 
resident Burmes(^ officials appoint(^d from time to time by tlu* 
Burmese court. They are naturally very fond of trade, and along 
every roiid are to bo met hawking their Avaros. Tho country is 
very d(iserted in ])aits OAving to the ])etty wars and disturbances 
prevalent of late years. Lieutenant Jackson, the next officer in 
chargci, was similarly engaged Avith various (!xpeditions, and Ids 
out-turn, together Avith that of tho sub-snrV('yor v/itli him, also 
amounted to about 3,000 scpiaro miles of reconnaissance survey. 

The general results of the work of these' officers, as well as tha,t 
accomplished by Mr. Wyatt and otlujrs belonging to tho Upper 
Burma party, consisted of an area of 15,000 square miles triangu- 
lated and 11,000 square miles of reconnaissance surAx-y. The 
difficulties in a country like* lJ])per Burma an; very great oAving 
to tho dense forests, nndergroAvth, and high grass encountered 
alniSst everyAvhere, in addition to which an impenetrable hazo 
fills the air from March to the commencement of the rains. 
These drawbacks, coupled Avith the necessity of keeping uj) AAotli 
troops marching from 10 to 15 miles a. day, rendered the carrying 
on of a connected triangulation and to])ogTa]ihy a matter of groat 
difficulty, and Cajdain Hobday and his coadjutors receivc'd tho 
special commendation of th(( Oommandordn-dhief for their labours. 

A small survey party accompanied the military column Avhich Avas 
despatched from Assam by Avay of Manipur into the Chindwin 
valley to co-operate with tho field force in Upper Bui'ina, and 
Colonel Woodthorpe, Avho had just returned from Gilgit, Avhere 
he had been for more than a year with Sii' W. Lockhart’s mission, 
at once volunteei’cd for the Avork. Ho selected as his assistant 
Mr. M. J. Ogle, who had ])reviously accompanied hiju in various 
expeditions on tho north-east frontier. The results comprised 
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360 square miles surveyed topograpliically on the ^-inch scale in 
the south-east of Manipur, in continuation of the survey of 1881-82 ; 
the whole of the Kubo valley and large portions of the Lekayain 
district, comprising an area of 3,924 square miles, was surveyed on 
the -}-inch scale, as well as part of the course of the Chindwin river. 
Colonel Woodthorpe was seized with a bad attack of fever, which 
lasted during May, but Mr. Ogle energetically continued the 
triangulation and succeeded in effecting a junction with Captain 
Hobday’s series, brought up from Mandalay. 

In recognition more especially of his services in Burma Colonel 
Woodthorpe was appointed a Companion of the Order of the 
Bath, a distinction which afforded much gratification to all those who 
had watched that officer’s record of services in Afghanistan, Assam, 
Upper Burma, and Hunza, and of other dangerous enlerpi’ises. 

During 1887-88 Major Hobday extended tho triangnlation from 
Mandalay northwards to Bliamo, while Captain Jackson and two 
surveyors accompanied a column despatched from Fort Stedman 
into the Southern Shan States. Reconnaissances were made 
towards the Salwen river, and its course fixed at two imints. A 
highly satisfactory connexion Avith Major Hohday’s triangulation 
was effected, tho total circuit of the combined reconnaissances being 
over 600 miles. A portion of the route traversed by tho southern 
column had been followed by the party accompanying the Sahven 
expedition in 1864-65,* and the work then executed by tho late 
Mr. F. Fedden, of tho Cleological Survey Dopaiimcnt, was tested, 
and its general accuracy fully established. . 

The Southern Shan States expedition was altogether a groat 
success; the British were received everywhere in the most friendly 
manner, and its effect was to re-establish peace instead of the 
inter-tribal wars till then prevalent. 

To the Northern Shan column Sub-Surveyor Faida Ali was 
attached, and the area mapped by him amounted to 3,425 square 
miles, north-east of Mandalay and stretching eastward to the Sal wen 
river, which here as well as in the upper part of its course flows 
closely to its western water-shed, leaving a wide expanse of country 
beyond to the share of the Ira wadi. 

In the country west of the Irawadi a large area was recon- 
noitred in the Chindwin, Pakokku, and Minbu districts by four 
columns^ which advanced into the Yaw country. Mr. Wyatt, who' 

• See the Memoir on the Inaian Surveyn, 2nd ed., p. 22}». 
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accompanied the southernmost column, extended the triangulation 
down the Irawadi to Thayetinyo, in the vicinity of which lie 
efleoted a junction with the principal series of the Great Trigono- 
metrical Survey. 

Another column operated in the country above Mogaung, and 
visited the Jade mines north-west of Sakaw as well as the Great 
Bndawgyi lake seen by Mr. Strettell, Deputy Conservator of Forests 
to the Government of India, on the occasion of his exploring trip in 
1873-74. For fear of exciting the Kachins it was deemed advisable 
not to ascend the hills. Triangulation was thus rendered impossible, 
and opportunities of acquiring topogra])hy were lost. Some \iseful 
miscellaneous surveys were executed b}’ Mr. G . H. Powell, but while 
in the vicinity of Konni, a new military post which had been formed 
on the Shan plateau, about 30 miles west of the Inl6 lake, an un- 
fortunate quarrel ai'ose with villagers, and in the ensuing struggle 
Mr. Powell and two Burmans were killed. Tliis young officer’s 
death was much regretted, for though he had been only a short 
time in the Department ho had shown much ability and promise. 

The general rc’sult of the year’s operations was an area of 
23,274 square nnlos trianoulated and 20,780 mapped on the ^-inch 
scale, an out-turn which bears witness to the great activity of the 
Departmental officers in the difficult circumstances imposed by 
the unsettled condition of the country. 

In addition to these rcconnaisisaiices a special survey was under- 
taken of the liuby Mines tract, and the entire area within which the 
raining lie, amounting to 77 square miles (a far larger extent than 
previously imagined), was mapped on the 6-inch ajid 2-inch scales.”’ 
Large scale surveys of the town and suburbs of Mandalay for settle- 
ment and other administrative purposes were also completed in 1888. 

The reconnaissance survey of Upper Burma by Major Hobday’s 
party proceeded steadily during the following year (1888-89). 
Survey officers accompanied the various military expeditious which 
were organised during the year, and proceeded to the Chin country, 
to the Kareni and the Southern Shan States, to the Northern Shan 
States, and to Mogaung and other parts of the Bhamo district, 
against the Kachin tribes. Surveys of a more regular character 
were also carried on in th&Minbu, Myingyan, Sagain, and the Euby 
Mines districts. The year’s out-turn amounted to 20,510 sqiiaro 

'"‘Mr. R. Gordon, C.E., read a paper on the Ruby Mines before the Royal 
Geographical Society on the 27 th February 1888 . 
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miles mapped ou the quarter-inch scale, the greater portion of which 
lay in the Shan States and Bhamo district. In 1889-90 one party 
was at work in lieu of two, and the out-turn was a little smaller. 
But the total area map})ed during the last four years in Upper 
Burma amounts to 70,852 square miles, a result most creditable to 
Major Hobday, Captain Jackson, Mr. Ogle, and the other members 
of the party. To Mr. Ogle thi) Gill Memorial Medal for 1889 was 
awarded by the Council of the Royal Gcogi'aphical Society in 
recognition of his excellent survey work in the North-eastern frontier 
and in Burma. 

A small survey party under Lieutenant W. H. Pollen, R.E., an 
energetic and popular young officer, accompanied the military 
expedition to the Lushai Hills in 1888-8*) ; but owing to the 
unfortunab' illness ajid subsequent death of Lieutenant Pollen, but 
little work was done, though the information ac(pii]‘od by Mr, James, 
who succeeded to the charge of the })arty, proved very useful in the 
following year. The cxj)cdition in that year (1889-90) consisted of 
two columns, one starting from Ivan, in the Myittha Valley, and 
proceeding into the Chin Hills, and the other from Chittagong being 
directed into the Lushai Hills. Each column was accompanied by 
a small survey party under fjieutonants Renny-d'ailyour, and Bythell, 
R.E., respectively. The operations in the Chin Hills resulted in the 
survey of about 8,000 square miles, and those in the Tiushai Hills of 
about C,000 S(piare miles of new country. The triangulation of both 
parties were successfully connected near Haka. 

A survey ])arty, under Oa])taiu Jackson, R.E., which accompanied 
the Anglo-Siaraeso Boundary Commission, map})ed over 9,000 
square miles on the j-inch scale. Mr. Ogle, who was a member of 
the survey party, was detached at the outset to work independently, 
with instructions to survey the four States of Mdng Ton, Mdng 
Hang, Mdng Chut, and Mdng Tar. This he successfully completed. 

In conclusion, mention should be made of an interesting piece 
of work, which though carried out some years previously, helped 
to throw a good deal of light on the conterminous region of 
Upper Burma and Assam. In the early part of 1879 Captain 
J. E. Sandoman, in charge of the cadastral survey in the 
Hanthawadi district of British Burma,- was requested to train 
a native for exploring the upper course of the Irawadi river 
beyond Bhamo. Towards the end of the year the man had acquired 
a sufficient knowledge of his duties to bo started on a preliminary 
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exploration, and in November 1879 be started with two companions, 
and soon after arrived at Bhamo. Thence the party ascended the 
river in boats to Ka-cho, once an imporcant city, in latitude 25° 20', 
at an elevation of about 1,000 feet above the sea. At the village of 
Maigna, about 16 miles north of Ka-cho, the Burmese frontier was 
reached. The country beyond is inhabite<l by Kachins, among 
whom no Shans reside, and the people ])ay no tribute to Burma. 
Two days afterwards the junction of the eastern and western 
branches of the Trawadi river were sighted, the latter (called the 
Maleeka) being considerably swollen and 500 paces wide, while the 
eastern branch (called Mehka) was low and flowing amid rapids and 
large rocks, with a width of about 100 yards. The people of the 
country stated that the great increase in the Avaters of the west(!rn 
branch was due to tlie melting of the snow at its sources, and there 
can be little doubt that it is the larger, and rises in higher I’anges. 
The natives also stated that the eastern brancli has two principal 
affluents, one from the east, and believed to have its source in the 
Naungsa lake, and the other from the north, said to rise in the liills 
50 or GO miles beyond Mo-goung-poon. The sources of the western 
branch are stated to bo in the Kautoe country, at a distance of 
about 23 days’ journey fi’om Ka-cho. Thus it is highly probable 
that this is the branch of the river reached by Wilcox in his journey 
from Assam in 1827, which is described in Vol. XVII. of the 
Researches of the Asiatic Society of Bengal (Calcutta, 1832). The 
explorer’s “ Kantee ” is obviously identical with AVilcox’s “ Klianti.”* 
Tlur trustworthiness of the explorer’s investigations is proved by 
a comparison of the three maps, viz. : — Jneutonant Wilcox’s, of 
1828 ; Fatlier Desgodiiis’ ma[) of the eastern frontier of Tibet, jire- 
sented to the Asiatic Society of Bengal ; and the explorer’s own. 
These are skilfully juxtaposed by the Surveyor-General of India in 
his Report for 1879-80, and the general agreement is substantial 
and striking. It is quite conclusive against the old theory of the 
identity of the Sanpo and Irawadi. 


* Major Sandemaii read a paper on the journey before the Koyal (Jeograjdiical 
Society on the 27th February IS82. See Proceedings, p. 2.58. 
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An enormous addition to our knowledge of northern and western 
Afghanistan was made by the lalwurs and researches of the 
Boundary Commission, which was engaged, in conjunction with a 
Russian Commission, in laying down the northern boundary of the 
country in 1884-86. Unlike the Eastern Persian Mission under 
Sir F. Goldsmid, and the Yarkand Mission under Sir D. Forsyth, of 
which official narratives were duly compiled, an official account of 
the Afghan Boundary Mission lias not yet been written ; but the 
following details, culled from various published sources, but chiefly 
from the excellent papers contributed by Lieutenant - Colonel 
T. H, Holdich to the Royal Geographical Society’s Proceedings, will 
give a general idea of the geographical results achieved. 

The Indian section of the Afghan Delimitation Commission left 
Quetta on the 19th September J!^ 884 under the command of 
Lieutenant- Colonel (now Sir) J. W. Ridgeway. A small survey 
party was attached to the Commission, consisting of Captain St. G. 
Gore and Lieutenant the Hon. M. G. Talbot, assisted by three 
native sub-surveyors. It was subsequently decided to depute a 
third officer, and Major J. HiU, R.E., was at first selected, but 
in consequence of his weak state of health ho was unable to 
proceed further than Quetta, and Major Holdich was recalled from 
the Zhob valley expedition to take his place. 

The triangulation laid out by Lieutenants Talbot and Wahab in 
1883 to the south and south-west of Kelat formed the basis for an 
extension of the Afghan triangulation from Nushki to the Helmand. 
But the extension was carried out with great difficulty, owing to the 
thick haze, and Captain Gore and Lieutenant Talbot were unable 
to keep up communication between their respective series; but, 
nevertheless, a fairly satisfactory junction was effected at Galichah, 
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jusi oast of the Helmand. The distance from l!^ushki was about 
220 miles, and the country was most barren and difficult ; but the 
position was important to fix, as Nushki is an oasis commanding 
the highways which lead from Quetta to Soistan. Westward for 
70 or 80 miles no streams or springs exist, but the low-lying 
partially sand-covered ‘'put” or hard-baked mud-flats form the 
edge of the basin which receives the waters of the Lora from the 
Pishin valley at flood times. Within the limits of the Hamun or 
flnal swamp of the Lora water is practically found everywhere near 
the surface. 

The God-i-Zirreh or terminal swamp formed by the Helmaml is 
very similar to the Lora Hamun. The ITolmand river flows through a 
depression about 30 miles north of the God-i-Zirreh, and then turning 
north at Chahar-burjak passes into the swamps which form per- 
manent lakes south of Lash-Jowain. In the late autumn of 1884, 
when the Afghan Commission was on the march to Lash-Jowain, 
the flooded part of the Seistan Hamun extended very little further 
than the limits represented as “ permanent lake ” in Walker’s map 
of Turkestan. In 1885, however, on the return march of a part of 
the Commission, Mr. Merk found that the floods extended south- 
wards and were connected by a well-defined channel with the God-i- 
Zirreh. The level of the eastern end of the latter depression imme- 
diately south of Rudbar is probably 500 feet lower than the 
Helmand, and between the two there must be a dividing water-shed 
of a considerable elevation towards the east but falling away 
to the, west. From Khoja Ali to Chahar-bui'jak, where the great 
northern bend commences, the Helmand forms a series of picturesque 
reaches, often sub-divided into many channels and encompassing 
islands green with tamarisk, Euphrates poplar, and occasional 
fringes of grass. The white ribbon of silt intersected by the deep 
blue of the stream is generally flanked with a mile or so in width 
of pebble-covered, sandy “ dasht.” Beyond stand up the deep-cut 
and many -folded sand cliff’s, presenting an infinite variety of red 
and purple tinted wall. On the left bank many traces of a long 
disused irrigation system were observable, and near Rudbar a series 
of ruined houses, forts, and palaces commences, the Kala-i-Madre-i- 
Padshah being the most remarkable. A variety of Arab, Assyrian, 
Greek, and even Chinese coins were brought thence to the English 
officers for sale. Nowhere else did the Commission find evidences 
of a once highly civilized and prosperous state so strongly marked, 
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and the great grassy plain east of Kala Fath bears the appearance 
of being the gigantic graveyard of successions of buried cities. 
Kala Fath, itself the ancient capital of the Kaiani Kings, is still an 
imposing mass of ruins. 

At Kala Fath, where the route turned northward, a new system of 
surveying was introduced, and the distances were checked by 
observed latitudes at each halt till Ibrahimabad was reached, 
50 miles beyond. From thence the latitude and longitude were 
carried out vigorously by means of observed latitude and azimuths 
and such tiiangulations from short independent bases as might be 
possible. Simultaneously Avith the running triangulation a plane 
survey of the whole country was executed on a scale of four miles 
to the inch, based on a ])orambulator traverse combined with the 
trigonometrically fixed points. This survey included, roughly, a 
strip of country averaging some 20 miles in width. The whole 
work was completed with both accuracy and speed, the entire 
distance as far as Kushan (310 miles) being covered in 19 days. 

From Kuhsan the metliod of surveying Avas as follows : — 
Triangulation was carried on Avith Troughton and Simm’s G-inch 
“subtense” theodolites as opportunity offered, along several lines, each 
of Avhich finally resolved itself into a seiies more or less complete. 
The following were the main series : — 

1. From Kuhsan to Mashhad. 

2. Fi'om Kuhsan along the Plari Rud valley to Bamian. 

3. From Bamian via, Haibak to Balkh. 

4. From Zulfikar (on the Mashhad (Series) to the Oxus at 

Khamiab. 

5. From Andkhui (on the “ Boundary ” or No. 4 Series) to Balkh, 

thus completing circuit. 

6. From Kuhsan southward to Bix’jand along the I'ersian border. 

In the course of this gradual extension many detached bases were 
measured, and new linear values imported into the work together 
with new azimuths. Astronomical checks were introduced when 
observations could be taken over a sufficient number of days to 
ensure trustworthy results. In this the officers of the Commission 
were assisted by Captain Guedeonoff of the Russian staff, who was 
able to verify the results by observations with a Repsold instrument 
of a much higher class than the small English theodolites. His 
results, however, agreed closely with those of the latter. On the 
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basis of this triangulation all tbe topography was executed, whether 
by the Russian topographers on a comparatively largo scale along 
the line of the boundary, or by the British officers and sub-surveyors, 
who not only took up their share of boundary topograjihy, but 
extended smaller scale geographical work over a vast area in Persia 
and Afghanistan amounting altogether to over 110,000 square 
miles. The scale adopted was usually four miles to the inch, 
occasionally reduced to half that scale where the triangulation was 
not close enough to furnish a sufficient number of points within the 
limits of the plane-table. The jdane-table was the ordinary Indian 
service pattern of the largest size, 3G in. x 24 in. 

From Kala Fath northward to Bash-Jowain the uan-ow valley 
of the Helmaud afforded no extensive view east or west ; for 30 miles 
villages are scarce, tliough Ibrahimabad and its neighbourhood 
appeared to present a maguiftcent field for anti([uariaii research, 
old seals, coins, and rings being brought to the camp for sale in 
great numbers ; all this part of the Helmaud valley having been 
evidently thickly inhabited in early times. Q’ho eastern llamun or 
depression into which the Helmaud flows presented a striking appear- 
ance. The dark blue gr(;en of the surface was flecked with white 
foam, and the miniature waves were driven shorevvards before the 
fierce intensely cold blast of the westerly winds. Heed islands broke 
the level here and there, and myriads of duck rose from the banks 
and islands and rotated over the surface of the swamp well out of 
reach. The expanse of water, however, as seen in October 1884 
was Toothing to Avhat it appeared to Mr. Merk in November 1885, 
when the two swamjis had united into a vast lake and sjii’eading 
themselves southwards had spilled their waters into the God-i-Zirreh 
of Baluchistan.* 

Jowain, a collection of mud buildings dome-roofed and in good 
repair, on the left bank of the Farah-Rud, and Lash, picturesquely 
perched on the edge of the opposite clitf's overlooking the river, are 
both marked specimens of the peculiar Perso- Afghan style of town, 
which extends throughout the border to Herat and Kandahar. Rows 
of mud-built huts with beehive roofs clustering confusedly round 
the walls of a central half -ruined mud fort re-occur with monotonous 
regularity. The substitution of flat roofs in some of the larger 

^ Some particulars of Mr. Merk’s journey urc given at pogc t331 of the Proceedings 
of the Royal Geographical Society for 188(k 
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cities marks the introduction of wood, which, except in the neigh- 
bourhood of some towns, is exceedingly scarce in these regions. 

To the north of Jowain the country rapidly assumes a n®w 
geographical aspect. Sand is not so conspicuous. The Farah-Rud, 
Kushk-Rud, and Har-Rud or Adraskand drain from the eastward 
through gently swelling uplands, whose hard, gravelly surface 
is traversed by sharp ridges of limestone, which preserve an approxi- 
mate parallelism and a general trend from N.E. to S.W. These 
rocky, steep, and deeply serrated ridges are seen on a closer approach 
to be crossed transversely by numerous open and easy Icotah. 
It is the rivers rather than the hills which form the chief 
physical obstacles, for though the amount of melted snow brought 
down by them into Seistan is practically inconsiderable, they 
are all just as liable to violent floods as if they were mountain 
torrents. 

The valley of the Hari-Rud westwards from Herat is separated 
from the basin of the Helm and by a low water-shed, and is very 
partially cultivated, notwithstanding that the canal system appears 
ample and that the villages are packed quite close together. At 
Kuhsan the English and Indian sections of the Commission met for 
the first time. Six miles above is the Tirpul bridge, the main 
connecting link in times of flood between Western Afghanistan and 
Persia. Up to Kaman-i-Bihisht (about 30 miles below Kuhsan). 
there is usually an excellent road alongside of the Hari-Rud, but 
at that point the river commences to flow through a series of 
magnificent gorges or defiles which it has cut for itself through the 
mountains, and it cannot be approached till it emerges into a 
contracted but beautiful valley south of Zulfikar. 

Throughout the lower valley of the Hari-Rud the elfeots of the 
devastating ravages of the Turkomans on its agricultural population 
were plainly visible, but the impression formed by Colonel Holdich 
was that even under settled rule no very great extension of cultivation 
could ever take place. 

Prom Mashhad, the longitude of which was fixed in the summer 
of 1885, a triangulation series was brought down southwarda to 
Zulfikar, and the survey of the Persian frontier and eastern Khorasan 
was carried as far west as opportunity admitted. A junction was 
efiected with the Russian surveys north of Mashhad, but no trigo- 
nometrical connexion, as their triangolation had not at that time 
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come so far south ; the fertile valleys of the Jam, of Sbahr-i-Nao, and 
of Khaf were surveyed as far westasTurba t-i-Haidri,and subsequently 
opportunity was found by Captain Gore of extending his triangula- 
tion to the south-west of Herat across the groat salt plains south of 
Khaf to the hills about Birjand. Sub-Surveyors Ilira Sing and Ata 
Mahomed were busy plane-tabling over this border during most of 
the summer and autumn of 1885, and whilst the route triangulation 
which had been carried out during the march from India Avas greatly 
strengthened between Seistan and Herat, a good basis Avas secured 
for the final extension of the survey from Birjand via Kirin an to 
Bandar Abbas on the Persian Gulf. This was finally carried out 
by Captain Gore, while the rest of the mission Avas eu route from 
the Oxus to India, across tho Hindu Kush. 

The plains at the foot of the Paropamisus range are swept by the 
same fierce north-west blasts that dry up and almost devastate 
Badghiz. During the heavy rainfalls in March and April the hills 
are denuded and a large detritus of mud and sliding rock is spread 
out, fan-shaped, across the plain below. Occasionally in tho course 
of a few hours tho dry beds of watercourses beccane living mud 
torrents, with results that were disastrous to tho British party. 
The physical effect of this is to diminish tlie relative heights of hill 
and plain, to round off prominent spurs, and gradually flatten the 
ridge where no central backbone of hard rock exists, rendering 
it less formidable as a natural barrier. Over tho Avhole line, indeed, 
of the western Paropamisan system, including its smaller collateral 
branches, and oven tho Band-i-Turkestan, which may bo called a 
distinct range, Colonel Holdich says that there is no pass over which 
a horse cannot be ridden. 

The Paropamisus is tho name given to tho range Avhich bounds 
the Hari-Rud valley on tho north as far Avest as Kaman-i-Bihisht. 
Here it is only about 2,000 feet in height, but at Chashma Sabz 
it assumes a more distinct form with one easily recognisable central 
water-shed, and from thence eastward past Herat to the north of tho 
Korokh valley it gradually gains in altitude till it attains a height 
of nearly 11,000 feet above sea-level. The surface soil consists of 
reddish clay and sand beds, with outcrops of trap and limestone 
rocks, affording a plentiful growth of gi'ass and brilliant flowers 
during the summer. Between the western boundary and the 
Zarmast pass north-east of Herat, at tho head of the Korokh valley, 
there are 11 well-knoAvn passes, besides minor tracks, all of which 
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converge towards Pul-i-Khisti at the confluence of the Murghab 
and Kushk rivers. 

North of the Paropamisus, between the Hari-Rud and Murghab. 
is the great broken plain of Badghiz, occupied at present by the 
Jarashidi and Hazara sections of the Chahar Aimak. On either 
side of the Chingurak range, which occupies a central position, is a 
multiplicity of rounded hill tops, a sea of sand waves, of which 
the materials, according to Mr. Griesbach, are duo partly to the 
accumulation of ages of sand drift boime by the tdmost perpetual 
north-west wind, and partly to denudation of the mountain slopes. 
Water is scarce and unequally distributed, but it might probably 
be obtained without much difficulty from wells. Evidences are not 
wanting that Badghiz was once a fairly well populated and cultivated 
region. About Gulran especially there are the partially sand-covered 
remains of old towns of considerable magnitude, and of a system 
of harez irrigation that covered all the plain between Gulran and 
the hills. It is only the long continuance of years of misrule and its 
position in being so open to raids that have transformed Badghiz 
from a flourishing district into a grass wilderness, the home of the 
wild ass, of gigantic boars, of innumerable herds of deer, and even 
of tigers. Eastward of the Murghab river the great central chain 
of the Paropamisan mountain system increases in altitude from 
west to east, and the mountain toiTents rushing northwards with 
increased force have cut deeper into the loess formation of the chol 
sand drifts. The latter becomes more complicated in feature and 
difficult to traverse, but it still possesses the same characteristic 
of being a magnificent grass country, and the evidences of recent 
occupation and of cultivation are more abundant and fresher. 
An exceedingly small percentage of the Badghiz district is under 
cultivation. First a narrow strip bordering the main streams is 
made tolerably certain of its water supply by a very complete system 
of canals, beyond a small amount of cultivation whieh is at a lo\ el 
above irrigation and dependent on rainfall. The valleys are cut up 
by reedy swamps which in many places occupy nearly the whole 
of thoir width, while the supply of water from the rivers (especially 
in the case of the Kashan) is uncertain. 

The loess deposits forming the chol east of the Murghab preserve 
the same general characteristics throughout the Maimana and 
Andkhui districts. The irregular mountain tract between the 
Band-i-Turkestan, which bounds the Maimana district on the south, 
and the Safed Koh range, which separates it from the Hari-Rud 
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valley, is drained by the Upper Murghab, and this vrild tract, 
inhabited by the most lawless tribe of the Chahar Aimak {i.e., 
Firuzkhuis) was entered by Sub-Surveyor Hira Sing in the autumn 
of 1835. He crossed over from the Korokh valley to the historic 
old fort of Naratu by the Zarmast pass, and from Naratu made his 
way. to the headquarters of one of the leading Firuzkhui chiefs 
at Kadis. He then commenced a systematic survey of all the passes 
crossing the Band-i-Turkestan and connecting Afghan Turkestan 
with the Hari-Rud valley. The Band-i-Turkestan is a separate 
mountain system from the Paropamisus, the connecting link between 
the two on the east being an insignificant water-shed. Its con- 
figuration is that of a series of approximately horizontal plateaux, 
occasionally divided laterally by sheltered valleys, witli passes dotted 
at intervals along the main water-shed at a height of from 8,000 to 
9,000 feet above sea-level. As a rule the mountains are thickly 
covered with forests of Juniper on tho higher slopes, and an 
abundant growth of pistachio lower down. 

The Firuzkhui country is divided into the following districts : — 
Kadis, Chakcharan, Sungar, Gharjistan,Kuchar, Bandar, Chahai’sada, 
Mak, and Murghabi (the extreme head of the river). One of the 
Chakcharan daras called Dara-i-Khargosh or “ hare’s defile ” was 
graphically described by Arthur Conolly, who passed through it in 
October 1840.* 

* Conolly\s full jounuil appears to have been lost, but extracts are printed in the 
Calcutta Keview, Vol. XV. For 13 miles Conolly and liis ] >ar ty journeyed between 
j>crpcndiculnr mountains of liinc.stone, the defdtj running in acute zig-za^s, wliieli for 
the most* part were not more than 50 or 60 yards lon;^, and having only breadth 
enouglr for the path and for tho brook, wliieh the party were couliimally oblige *d to 
cross. The height of the mountains made the horsemen look like pigmies as they 
filed along their bases in tho bed, Conolly remarks : “ Take it all in all it is, I 
“ suppose, for its length as difficnlt a pass as exists. I have seen nothing like it 
“ except some upper portions of the valley of the Ganges, in the riimalaya mountains, 
ami its impregnability, according to Asiatic notions of warfare, fully warrants the 
saying w^ith which Kimaks arc said to have answered the threats of kings : 

‘ Oppress us and we’ll flee to the Hare's defile !’ ” 

The Calcutta ReAic’vver prefixes to his article the title of a work by Mr. E. Sterling, 
Bengjil Civil Service, who journeyed in 1828 from Teheran to India. There is no 
copy of this book in the India Office Library, but I remembor seeing a copy some years 
ago in the British Museum. I think, however, the author’s name was spelt Stirling. 
Mr, Stirling travelled by the northern route, ci’ossing the Tejend and Murghab, 
following part of the same road that Vambery and Grodekofl' did afterwards. The 
geographical interest of the journey was slight, but it was curious as the first of a 
series of journeys destined to open up Afghanistan to western research. 

M2 
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The whole valley of the Upper Murghab is a deep network of 
such defiles ; there are no roads crossing the lines of lateral drainage, 
and not any continuous road along the river, the Murghab being 
on the whole a marked exception to the general rule in Afghanistan 
of the coincidence of direction between main roads and main rivers; 
The following roads and passes connecting Afghan Turkestan with 
Herat through the Firuzkhui districts were explored, viz. : — (1) the 
Kharajangal pass from Chaharshamba to Herat; (2) the group 
of tracks and passes between the Ao Barik and the Baragan ; 
(3) the Chahardara crossing, which carries the Tailan route over 
the Murghab into Gharjistan and Chakcharan ; (4) the direct 
route from Maimana and Saripul through Chaharsada, and eastern- 
most of all (5) the Saripul, Chiras, and Uaulatyar connexion, 
followed probably by Ferrier, and surveyed as far south as Chiras 
by Imam Sharif. 

The roads and tracks between Kadis and Bala Murghab, and 
those from Kadis eastward on the northern slopes of the Safed 
Koh, have all been explored and reported on. High up on these 
slopes, at least 5,000 feet above the sea, and about 20 miles east 
of Kadis, Hira Sing found the remains of a city,* which must once 
have been large and have possessed considerable local importance ; 
the ruins of aii old fort, of stone walls suiTOunding orchards, and 
traces of irrigation aro still visible. At the head of the Murghab 
valley the surveying was carried out by Imam Sharif, who found 
the position of Chiras to be approximately correct, but was unable 
to identify the Dev Hissar of Ferrier. He found, however, a city,f 
called the Shahr-i-Wairan (or deserted city), not far from Chiras, 
situated in a green plain, bounded by glittering white cliffs on the 
north and by the long straight slopes from the crest of the cliffs 
overhanging the Askarab on the south. The city must have been 
of some magnitude, and such buildings as remain are of sun-dried 
brick. There are no indications of a wall or moat, nothing even 
suggestive of a canal or Jearez, nothing, in fact, but scattered ruins 
covering an area of about 1^ square miles. The graveyard was 
easily recognisable, and its immense size furnished some clue to 


* Major llaverty tells me he thinks this may be identical with Ashixar of Ghar- 
jistan, mentioiKiil at pp. 394 and 1071-1072 of his translation of the Tabaka t-i-Nasiri. 

f This appears to he the same as that mentioned at page 334 of the same work as 
being in the district of Wajiristan. 
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the size of the city. Local tradition is, however, quite silent as to 
the origin and history of this city. 

Towards the north the Band-i-Turkistan mountains break up 
into long, rough, and very irregular spurs, which have a tendency 
to assume a plateau-like formation, with steep scarped cliffs flanking 
broad and comparatively level flats. The mountain streams have 
formed at the foot of these spurs broad alluvial plains, which are 
rich and fertile and full of flourishing villages. The Kaisar, Almar, 
and Maimana plains aro of this nature. Maimana is an irregular 
walled town, covering something less than a square mile in extent, 
most picturesquely situated, with the snowy peaks of the Band-i- 
Turkistan and Koh-i-Saf to the south and the rolling grass hills 
of the chol. Viewing the city from the Grovernor’s residence in the 
citadel, its general appeai’ance was not unlike that of Cabul. The 
bazaar was full of trade, and the mixture of races in its streets was 
extraordinary. 

The hill district.s to the cast of Maimana, between that place and 
the Balkh Ao, had been very little known previously. They were 
surveyed iii the spring of 1886 by Imam Sharif, and the results 
of his observations and mapping form a good record. Shibrghan 
is a walled town some 500 or 600 yards square, the walls being in 
a very ruinous condition. The Ersari Turkomans bring in grain 
and “ pushm,” whiclx is purchased by the Peshawari bunniahs, and 
take away in exchange salt, cloth, and other necessaries. Imam 
Sharif reckoned that even in winter there are not 1,000 permanent 
inhabitants. Round Saripul, which lies about 35 miles to the south, 
there is a good deal of cultivation, Saripul and the adjoining district 
of Sancharak being reckoned two of the richest districts in Afghan 
Turkistan. They are especially famous for fruit. Saripul itself 
is a small walled town, Avith the usual bazaar and citadel. Imam 
Sharif suiweycd a large portion of the intricate and difficult country 
lying south of Saripul and about the water-parting between the 
upper Murghab and Oxua tributaries. This region is remarkable for 
deep gorges similar to those described by Conolly {vide supra, p. 178). 
Cave villages were found in some of the defiles, the dwellings not 
being entirely excavated, but half natural fissures in the strata and 
half artificially constructed. Mr. Griesbach, of the Geological 
Survey, remarks on these extraordinary deep gorges, which are due 
to erosion. Some of them are scarcely wide enough to admit of an 
unladen mule being driven through without considerable difficulty. 
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Many of them are grandly picturesque ; below Paoghan the Astarab 
river flows in a narrow gorge often not more than 30 yards wide, 
and enclosed by vertical walls of limestone, some 1,500 feet in sheer 
height above the river bed. Most of the rivers flow from south 
to north, and hence form transverse valleys through the ranges 
of Turkistan. They have eroded gorges where they cross anti- 
clinals and formed wider valleys with side streams when on a 
synclinal. 

In the summer of 1885 the necessity of finding some fixed 
geographical point on the Oxus near that end of the boundary 
became apparent. The Kuhsan base had been connected with 
Mashhad by direct triangulation, and the longitude value of 
Mashhad (determined telegraphically with Tehran) was thus 
brought down to Kuhsan, while the triangulation itself formed an 
excellent basis for the commencement of boundary demarcation 
from any point on the Hari-Rud adjoining the Russian frontier. 
But it was then known that the boundary would run in a north- 
easterly direction through the dial, a country particularly un- 
favourable for connected triangulation. Without some reliable 
check the accuracy of the boundary survey would have been 
unavoidably open to question. Captain Talbot was therefore deputed 
to undertake the difficult and dangerous duty of carrying out a 
series eastward along the Hari-Rud valley, from which series it was 
hoped that points might be fixed to the southward for the basis 
of surveys between the Hari-Rud and Zamindawar. He was to 
push his triangulation eastwards if possible to a junction with 
points already trigonometrically fixed from India on the Hindu 
Kush and Koh-i-Baba mountains, within sight of Kabul. He was 
then to carry it across the great central mountain chain to Bamian, 
extend northward through Haibak and Ghori to Mazar-i-Sharif and 
Balkh, and finally carry on westwards till he sighted Kilif on the 
Oxus and the mountain peaks of Bokhara. Pari 2 >o,ssu with his 
triangulation he was to carry out a plane-table reconnaissance 
embracing all the country he could see, for there was no topographer 
available for the duty. All this work was successfully accom- 
plished, though not all at once. After pushing forward his 
triangulation past Herat to Daulatyar with fair success, Major 
Talbot was hurriedly recalled in August 1885 to help in making 
arrangements for the defence of Herat. It was not till late in 
September that the political situation enabled him to retrace his 
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steps to Daulatyar. The delay was almost fatal to his success, for 
the winter sot in early, and it was only after a constant struggle 
against snow, rain, mist, and clouds which often defeated him on 
the summit of some gigantic peak after hours of weary labour lost 
in climbing, that he at last emerged into the plains of Afghan 
Turkistan, with his connexion with the Hari-Rud weak but not 
entirely broken. It was not till the following spring that the 
series between Balkh and Andkhui was finally completed ; when' 
completed it was met by a series that had been run by Major 
Holdich and (Japtain Gore through the cliol between Zulfikar and 
Andkhui. Thus a final system was evolved which covered the 
whole of Afghan Turkistan and wild country south of the Hari- 
Rud valley as far as the basin of the Helmund Avith a network 
of triangulations which included several hundreds of well-fixed 
points. 

Captain Talbot found that the Hari-Rud rises about 34° 30' N. 
lat., and 67° 0' E. long., and flows for some 70 or 80 miles to 
Daulatyar almost due west, and not as hitherto shown on the 
maps. As far as Daulatyar it is known as the Ab-i-Sar-i-jangal, 
and at that point it was a broad but easily fordable stream. At 
the head of the valley it is probably about 12,0(X) feet in general 
altitude above sea-level, but gradually drops to about 5.000 feet 
opposite Oboh. There are, however, occasional peaks on it, one of 
which runs to 11,0(X) feet at a distance of about 20 miles of Obeh. 
The mountain ridge is singularly straight, Avith slopes bare of trees 
but pn abundant water supply, and a luxuriant growth of grass and 
Avild flowers in every taijao or stream bod. Some of these narrow 
valleys are well wooded with Avillow trees and occasionally haw- 
thorn. From its source to Obeh the course of the Hari-Rud is 
about 240 miles in length, and above Dahana Doali it includes a 
catchment area of about 8,000 square miles. 

About the time that Captain Talbot started for his tiiangulation 
towards Baraian and Kabul, Sub-Surveyor Imam Sharif was deputed 
to undertake a complete exploration and a survey, as far as possible, 
of the hitherto little known districts which lie to the east of the road 
connecting Farah and Herat and south of the Hari-Rud valley. 
Not much was on record respecting this tract, except Avhat was to 
be gathered from Ferrier’s somewhat doubtful account. It Avas 
known to be inhabited by the Taimani section of the Chahar Aimak, 
but the position of TaiAvara, the capital of the Taimani country, was 
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uncertain, as well as that of Zerni, mentioned by Terrier. In the 
first instance, Imam Sharif had to base his surveys on a measured 
traverse, but when Captain Talbot’s triangulation had extended over 
the country his traverses Avere reduced to an agreement with the 
points fixed by triangulation. Imam Sharif passed the historical peak 
of Chalapdalan, the true name of which is Chahii Abdal. Round it 
are inaccessible cliflfs, and the peak itself, described by Terrier as one 
of the highest mountains in the world (!) attains the height of 12,000 
feet. Its position has now been accurately fixed, as it forms one of 
Captain Talbot’s trigonometrical points. It is said to be the “ Takht ” 
of Zohak-i-Maran, the snake-bearing governor of these provinces in 
the days of Cyrus, and it was from here that he built the massive 
walls and towers of those old forts which suiTound Taiwara and 
border the way to Ghur,* The walls of these strongholds are built 
of sun-dried brick and mud, but they still stand so straight and 
square on their massive basements (from 15 to 20 feet wide) as to 
convoy the impression of being newly built. TaiAvara is situated at 
the junction of two considerable streams, the Chahardar and the 
Ghur (or Gaur in existing maps). The Taiwara fort is square in 
form, and comparatively new ; it contains the residence of the 
Khan. At Yakhan Pain, south-west of Taiwari, old massive forts 
and remarkably extensive ruins of an ancient city were observed. 
The Chiling Sliahi Mardan hill to the east is of some interest, as 
thei’e is a romarkatdy pointed peak Avith rough hewn steps leading 
to the summit, whereon Ali is said to have fasted for 40 days, and 
Avhich is noAV a shrino of great sanctity. The valley of the Nili 
(one of the tributaries of the Ghur) is well cultivated and full of 
trees, Avhicli is most unusual in this timberless countrj". The trees 
are not indigenous, being mostly apricot trees. Nili and Zerni fort 
are only three or four miles apart, and from the Hari-Rud to that 
fort the people are all Taimanis, and shoAved themselves civil and 
hospitable to strangers. 

While engaged in his explorations in the Tiruzkhui country, and 
about 15 miles from Daulatyar, Imam Sharif was robbed during the 
night of nearly all he possessed ; his theodolite was wrecked, his 
aneroid broken and throAvm into a stream, his records all carried off, 
including a long scries of barometric obervations and his notes on 
the Taimani country and its history. By good luck his plane-table 

* See Baveriy’s translation of the Tabakat*i-Nasiri, page 331, where reference is 
made to the Kmrs or forts built by Abbas of Ghur. 
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was under his pilloAv and his complete sheet of survey rolled up in 
his bed, and these being saved he was enabled to continue his 
survey. 

The Khan of Taiwari stated that there were at least 15,000 
inhabitants in the Taimani country, which ho descriljed as a poor 
country with no fruit, and in great part deserted during the winter, 
when the people migrate to Sabzawar, the Helmaud, or more 
genial climates. Snow lies deep in winter. The cultivation consists 
entirely of wheat, except in the Ghur valley, where a patch or two 
of melons exists. 

The people are not absolutely poor; they own large herds of 
sheep and goats, and trade in otter skins and wool with merchants 
who come from Herat and Candahar. The Taimanis also own a 
few cattle, and are invariably mounted, every man owning his horse. 
They resemble the Jarashidis more than the Hazaras or Firuzkhuis, 
and are exceedingly hospitable to travellers. 

Late in the autumn of 1885 Sub-Surveyor Imam Sharif, having 
completed the survey of a great portion of the Taimani country, 
started to push his previous survey to a junction with those already 
completed between Farah and Herat on the west, and to extend his 
work as far south as he could. A connexion was fortunately 
established with previous topography which had been completed 
from Girishk, and together with the route survey made by his 
brother, Yusuf Sharif, who was de])uted to join the mission during 
the winter of 1885-86, he secured a very complete knowledge of 
many^ hitherto unknown routes and ])asses between Herat and 
Kandahar, and completed the map of Western Afghanistan from its 
extreme northern portion to the contines of the Uelmund valley. 
He was, however, unable to penetrate into Zamindawar, Avhich still 
remains a hot-bed of disafi'ection to the Amir, and of fanatical hatred 
to all foreigners. He explored the Adraskand river and the Sabzawar 
valley thoroughly, and visited Farah, adding much information to 
that previously existing about the Farah district. He Avas every- 
where well received and civilly treated. 

Altogether, Imam Sharif Avas enabled to produce a fairly accurate 
map of a large area of country lying south of the Hari-Rud, about 
which exceedingly little was known, and which is of most special 
importance as bearing on the communications betAveen Kandahar 
and Herat. That little is chiefly derived from Ferrier’s accounts of 
his journeys, which, however, proved to bo erroneous in several 
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respects. Previously to Imam Sharif’s explorations the exact 
localities occupied by the Moghuls were unknown. There are 
about 800 families living in Nili, Zerni, and Ghur Muskhan, who 
speak a language strongly allied to Turki, and claim to have been 
brought into the country by Chingiz Khan. 

The great plains of Afghan Turkestan lying south of the Oxus, 
between Andkhui and Badakhshan, as well as the river itself, 
were thoroughly reconnoitred. According to Griesbach, the vast 
deposits of clays, gravel, and loose sandstone which form these 
plains have been in process of accumulation since the pliocene ora, 
huge fans have been spread out at the points where the present 
rivers, the Kaisar, Saripul, Khulm, and Balkh Ao, enter the plains, 
the finer deposits being carried to the furthest limits of the fans. 
Over this base in belts of various widths are thick waves of blown 
sand, wind-borne from the north-west, and occasionally spread out 
so as to completely cover the fluviatile deposits below. Griesbach 
suggests that the groat swell in the plain in which the southern 
tributaries lose themselves represents an anticlinal now in course of 
formation, and that the river is, as it w'ere, flowing along the crest 
of a mountain range also in course of formation. 

None of the tributaries of the Oxus basin w'est of Kunduz 
draining from the mountain districts on the south find their way at 
any season of the year to the river. During the flood season in 
spring they often spill over their ordinary channels and form large 
swamps and lagoons. Enormous masses of detritus and vegetable 
matter are brought down from the channels of the hill streams, 
w'hich are thoroughly cleaned out of the year’s vegetable growth, 
and the sweepings of the hill-sides of the Band-i-Turkistan, of the 
Hazarajat, and the Turkistan high lands generally. The Oxus itself 
b ings down large quantities of vegetable matter, and during the 
s .mmer months it becomes a rolling chocolate-coloured sea, bearing 
even large trees on its tide. Similarly there is a vast amount of 
serviceable timber stranded along the lower course of the Tejend. 

To the north and north-west of Andkhui is a vast area of open 
])’ain which is not sheer desert but consists of chol formation 
uiodified by aerial deposit and converted into gently swelling downs 
and sandhills from which vegetation is never entirely absent. From 
f.me immemorial wells have been dug, yet in spite of their number 
the supply of drinkable water is exceedingly scanty. The extremes 
of temperature are described as something terrific ; the north-west 
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winter storms darken tke atmosphere in the course of a few minutes 
and freeze the life-blood of men exposed to them ; in summer the 
heat is almost more intolerable, and it is impossible to cross these 
regions without special precautions. Two very distinctly marked 
and isolated natural hills called Kara Tapa Khurd and Kara Tapa 
Kalan formed two trigonometrical stations of great importance 
owing to the unvarying features of the surrounding country. 

The Oxus at Khamiab is a majestic river, comparable to the Indus 
below Dera Ismail Khan or the Brahmaputra in Assam. The 
neighbouring settlements of the Brsaris offer a most marked contrast 
with the usual Turkoman villages ; the houses are well built and 
well kept, the roads are well defined, the irrigation channels kept 
clear and clean, substantial bridges cross the canals, and the whole 
atmosphere of the Khwaja Salor district is one of prosperity. The 
Oxus continually carries away portions of its banks, and the positions 
of its ferries and roads have materially shifted from time to time, 
the principal ferry now being at Kilif, where the river narrows to 
about 400 yards. A similar crossing is at Termez, some 30 miles 
above Kilif, running between hard rocky banks, which will protect 
its channel from further alteration through future ages. Through 
the Ersari country wells were certainly more plentiful, and the 
existence of old irrigation channels for 11 miles beyond Kilif points 
to a time when this part of Afghan Turkistan must have been as 
well populated as the great Balkh plain. The devastation effected 
by that destroying angel of Central Asia, Chingiz Khan, who razed 
Nis^apur, Merv, Balkh, and Herat (once a large city of four times 
its present size), doubtless changed the fair face of the country into 
a wilderness in his time, and the modern raids of the Kara Turko- 
mans, combined with the tendency of the Uzbeg people to emigrate 
in order to avoid a tyrannous rule, have kept much of the land 
unproductive. As a rule the Oxus flows through many channels 
which shift and alter just as they do in other large rivers not 
confined to a single bed by hard rocky banks. 

The ferry at Kilif has been often described, and is worked (as it 
was 50 years ago) by a system of attaching horses to large clumsily 
built boats and swimming them across stream. The Shor Tapa district, 
which extends from Kilif for 36 miles to Chobash, is described by 
Captain Poacocke as consisting of six smaller districts, each of 
which has its own canal from the river lined on both banks with 
the usual orchards, houses, enclosures, and mulberry plantations, 
and is occupied by some 6,000 families of Ersari Turkomans. At 
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Termez there are the ruins of gigantic brick buildings, including a 
large-domed ziarat, said to contain two inscriptions, one on marble 
and the other on a silver plate, recording three occasions on which 
the place was sacked, once by Alexander the Great. Beyond 
Chobash (with the exception of the small new settlement of Kuldar) 
to the mouth of the Kunduz river, 140 miles above Kilif, there are 
no inhabitants, and the back water, swamps, and jungles in which 
tigers and large deer are found, make it impossible to reach the 
bank of the stream. Sub-Surveyor Ata Mahomed describes the 
Oxus as a very large river when seen in flood, rarely if ever less 
than 1 ,000 yards wide, with a normal width of about 1,400 yards, 
while in some places it must be a mile across. The winter volume 
of water may be taken at one half the summer flood, and the 
average current varies from 21 to 5 miles. In the neighbourhood 
of Shahk in Kabadian, not far from the mouth of the Kunduz 
river, Greek coins and ornaments are found in large quantities. 
Striking southwards from the Oxus towards any of the groat cities 
of Balkh, Mazar-i-Sharif, or Tashkurghan, there is always the same 
desolate waste of partially sand-covered country to be crossed 
before there occurs the first appearance of cultivation. Hero and 
there, on the southern edge of the sand belt, are vast piles of ruins 
covering many square miles of country. Khanabad, Siahgird, and 
Khulm are perhaps the most striking of these. 

To the traveller approaching Balkh from the west there is 
nothing very striking about the “ Mother of Cities,” nor to indicate 
its former greatness among the cities of Central Asia. One enters 
through a gap in the walls which was once a gateway ; inside the 
outer wall are ruins and mounds of mud and brick on either hand 
standing so close as hardly to admit of the roadway ; the covered 
bazaar contains about 400 shops, and gardens and orchards cover 
a fair extent of ground. But the visible ruins are not very ancient, 
and most of the past generations of departed cities probably lies 
beneath the grass-covered mounds which surround the walls rather 
than below the site. The most striking feature is the extent of the 
shattered old fort called the Bala Ilissar, which overlooks the city 
and was once its great stronghold. 

The high open road between Balkh and Mazar-i-Sharif passes 
through a cultivated plain, across which the blue domes of tl>e 
mosque at Mazar are very striking objects as they glitter in the 
sun above dense masses of surrounding trees. About four miles 
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before reacbing the outskirts of Mazar-i-Sharif tlie direct road 
runs through the new cantonment of Takht-i-pul, a place of 
considerable strength, with a ditch and double wall pierced by 
massive gateways. It is said to have been the residence of the first 
governor of Afghan Turkistan before Mazar was made the seat of 
government. 

The Mazar of the present day is a very different place to that 
described by Fcrriei*. Its gardens and orchards cover an area of 
about four square miles, and the citadel and residence of the 
governor as well as the far-famed mosque, the burial place of Ali, 
are all in a state of flourishing repair, which is lamentably deficient 
in most Turkestan cities. It is inhabited now chiefly by Afghans, 
the Uzbeg population being rather on the decrease. As a trade 
centre it is inferior to Tashkurghan, which occupies a better geo- 
graphical position, but its climate is said to be far healthier, and as 
the seat of govexmment in Afghan Turkistan it certainly ranks first 
among the cities north of the Hindu I\nsh. 

Between Mazar-i-Sharif and Tashkurghan the road passes over 
an open plain, on the right of which are imposing cliffs presenting a 
long unin term ]jtod line of straight wall rising sheer above the plain 
to a height of from 4,000 to 5,000 feet, and forming the northern 
edge of a vast plateau extending up to the Hindu Kush. 

Tashkiu’gan is about 35 miles nearly due east of Mazar, and about 
a mile and a half from the gates of a magnificent gorge barely 
40 fbet wide at one point, Avith sheer cliffs on either hand thousands 
of feet high, ivhich leads towards Haibak. Tashkurghan is a large 
and exceedingly picturesque town clustering round the slopes of a 
sandstone hill, crowned by a fort anti citadel. Its busy bazaar is 
the great trade centre of the country. 

The conformation of the great plateau region, which embraces thq 
basins of the Band-i-Amir (or Balkh Ao), the Dara Yusuf, the Khulm, 
and the Kunduz, is difficult to describe from its extreme irregularity. 
North and east of the Balkh Ao there is a raised plateau rising 
gently nortliAvards axid culminating in rounded knolls, the Avhole 
region, except whore intersected by the Dara Yusuf, being apparently 
uninhabited. Captain Talbot visited the head waters of the Balkh 
Ao, which are dammed by a succession of small lakelets, the 
formation of which is ascribed to Ali. The course of the Dara 
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Yusuf* M’as surveyed by Sub-Surveyor Ata Mahomed, and is similar 
in most characteristics to the Balkh Ao. 

Haibakf is a picturesque place with a small hill fort overlooking 
the bazaar and the overcrowded little town. Round about the 
plain are the sharp square-cut cliffs which arc ever the distinguishing 
feature of all the plateau, and a mile to the south, across the well 
cultivated fields, is the mouth of the well knoAvn and picturesque 
Dara-i-Zindan (mentioned by Burnes) leading to Bamian. Neat 
white-walled villages overlooking the rippling stream, well built 
bridges, closely-set orchards, and meadows with grass lawns sloping 
to the river, and above all the crags and many-coloured walls of 
the precipitous cliffs on cither side combined to form a picture of 
Avhich the beauty was doubly impressive to the eyes of oflBcers 
accustomed to the sterile Avastes of Turkistan. The Buddhist ruins 
and rock- cut stupa called Takht-i-Rustam in the neighbourhood of 
Haibak were examined by Captain Talbot, Avho has written an 
account of them as well as of the bettor known Bamian remains. 

The Ab-i-Surkh, as the upper valley of the Kunduz is called, 
is not distinguished by such remarkable defiles and gorges as that in 
the Khulm and Balkh Ao. South and east of it one comes upon the 
Hindu Kush system, and every pass to the southward crosses 
a succession of spurs of that great range. The local nomenclature 
makes the Hindu Kush terminate at the head of the Ghorband 
valley, east of Bamian, so that the Irak pass to Bamian from Kabul 
does not cross the true Hindu Kush, but a connecting water-shed 
between it and the Koh-i-Baba. 

With regard to the Hindu Kush range, Colonel Iloluich notices 
that the same feature prevails as is observable in the case of the 
Himalayas, i.e., that the central or main wator-shed is not defined 
by the most prominent peaks, which rise high above it from the 
ridges of gigantic lateral spurs. There is, too, a remarkable 
^milarity in the general altitude and appearance of these granite 
giants, and at a distance they are difficult to recognise distinctively. 
The same may bo said of the mountain mass of the Koh-i-Baba, 

* This route is most importjint and leads past the remarkable bill fort of Valishan, 
which was besieged by the Mugbals, as describfjd in Uavorty's rabakat-i-!Nasiri, 
j). 102i^. Kaverty calls it N^alkh and is inclined to identify it with Zuhak in the 
Ikimiau valley, but Sir II. Rawlinson shows it is more probably the Wuleeshan of 
Mir Izziit Ollah and the Vale] or Val-valej of the old geographers. 

f Curiously enough, Haibak is omitted from the late Sir Charles Maegregor’s great 
work, the Gazetteer of Central Asia (Afghanistan). 
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whose crowd of irregular snowy peaks are equally hard to tell apart. 
A very great difficulty was thus presented to the direct connexion 
by triangulation of the previous surveys executed during the Afghan 
campaign from the Kabul side and those now drawing to a close 
of Afghan Turkestan. The longitude values in the latter region 
had been brought over many leagues of desert and mountain from 
Mashhad to the Hindu Kush, while the values about Kabul were 
well determined and in direct connexion with India. The latitude 
values depended on constant astronomical observations, which might 
fairly be expected to bo correct to one or two seconds, as they 
•were checked within certain limits by the results of triangulatiou. 
Fortunately, right on the backbone of the main water-shod of the 
Hindu Kush, a peak was at last discovered whence Colonel Holdich 
was enabled to recognise the well-known landmarks of the Kabul 
campaign, whilst duo north were one or two granite pinnacles 
belonging to Ihe Turkestan Series. Thus the two systems of 
triangulation were finally and successfully united with a general 
agreement that was highly satisfactory, considering the enormous 
area traversed, and highly creditable to Colonel Holdich and his 
colleagues. 

The next piece of work was the survey of the Hindu Kush and the 
routes and passes connecting Afghan 'J’urkistan with Kohistan 
and Kabul. These surveys were carried out by Colonel Holdich, 
Captains Peacocke, Talbot, and Maitland, and Sub-Surveyors Yusuf 
Sharif, Ata Mahomed, and Hira Sing, and on completion of the 
work all assembled at Charikar. Yusuf Sharif ascended some })oak8 
near'Khawak and made somo additions to the existing knowledge 
of the surrounding mountain region. The main water-shed of the 
Hindu Kush preserves a singular uniformity of level, while the 
gigantic spurs which intersect Badakhshan and Kafiristan, and which 
rise almost to the dignity of separate ranges, are repeated along the 
entire length of the Hindu Kush on the north as well as on the south, 
enclosing valleys similar to the Ghorband and Panjshir. But the* 
physical characteristics of the northern olTshoots are distinctly 
different from those of the south, and might well belong to a different 
system and climate. Rough barren walls and ridges of limestone 
and granite tower above the naiTow valleys on either hand, splintering 
at their summits into sharp aiguilles streaked with snow even in the 
summer months, and constantly hurling down avalanches of rocks 
to block the mrrow green riband that borders the mountain streams. 
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As the road winds up amongst them and the flattened slopes of the 
main water-shed are gradually approached, their sterility and 
barrenness recall that of the Tibetan passes. On the southern side 
it is far different. Every valley leading down from the snow-bound 
rivulets and lakelets of the broad water-shed into the valley of the 
Ghorband is a picture of fertile beauty, surpassing even the most 
favoured spots of Alpine scenery. There were battlemented turrets 
of ancient strongholds, perched insecurely on red clay and sandstone 
cliffs, amid an cnclless succession of terraced hill sides, vineyards, and 
yellow maize fields ; these again were backed by the deep purple 
of the hills and broken into a cascade of colour by the marvellous 
tints of autumn which spread over the surrounding trees. To the 
British officers, Kabul and its woll-romembored surroundings marked 
the end of their geographical labours. 

In connexion with the work of the Afghan BoTindary Commission 
some important explorations of the Pamirs and Upper Oxus valley 
were carried out by Mr. Ney Elias, C.I.E., of the Foreign Department 
of the Government of India, already known for his adventurous 
journey across Mongolia in 1872-73, for which lie received the 
gold medal of the Boyal Geogra])hical Society. 

Mr. Elias started in September 1885 from Yarkand to cross over 
by way of the Pamirs to Shignan. He left the plains at the 
frontier village of Ighiz Yar, and took what is known as the 
Karatash route, i.e., over a pass of that name (about 14,200 feet 
in height) which leads over a range forming the water-parting 
between the Guz river and the streams flowing to Yangi Hissar, &c. 
The Guz was found to rise in snow fields to the south of the pass 
and then to flow on between the great peak measured by Captain 
Trotter, by theodolite angles from Kashgar, Yangi Hissar, &c., 
and another great isolated peak to which Mr. Elias had to give the 
name of Tagharma,* from the Pamir region at its base. The Kirghiz 
Ipomads have no particular name for either ; but the Tagharma peak 
is known over all those regions. It is probably the one seen by 
Kostenko from near Great Karakul and called by him Mustagh Ata. 
Close to the foot of the great Tagharma cone, and only three or four 
miles north of the Guz, lies Little Karakul, through which flows a 
stream into the Guz. From Little Karakul Mr. Elias proceeded 
to Eangkul, and passed the “ Lamj) Eock ” {see Sir H. Eawlinson’s 

* Conf. p]zekiel, xxviL, 14 (Lamentation for Tyrus), “ They of the house of 
Togarmah traded in thy fairs with horses ami horsemen and mules.” 
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paper’‘‘) to the Aksu or Miirghahi river, which he crossed on the way 
„to the Aliohur Pamir, after crossing the Neza Tash pass (about 
14,000 feet). Proceeding doAvn the Alichur valley Mr. Elias passed 
south of the Sasik and other small kuls in the neighbourhood, and 
crossed the Kohitezek pass (about 14,000) into one of the head 
streams of the Gund river. The Gnnd valley was then followed 
down to its junction with the Panjah, nearly opposite Bar Panjah 
fort. So far the journey had proved that the Aksu did not discharge 
down the Gund valley as some maps represented, Init as Mr. Elias 
had to investigate this Aksn question (ho had found it impossible to 
follow it down from where he crossed it near Rangkul) he wont 
on at once from Bar Panjah (4th November) to ascend it as far as 
possible from Kila Wamar. The track was found impassable for 
anything like a caravan, or even a loaded ])ou 3 ^ It was chiefly 
climbing over pathways built along the side of the cliffs, of bits of 
wood, willow twigs, &c. Mr. Elias succeeded in reaching as far 
as the confluences of the Kudara (which turned out to lie much 
further north than supposed) and then returned to Wdimar. From 
•thence he descended the I’anjah to the frontiim of Darwaz, and then 
returned to Bar Panjah. After a short stay there he ascended the 
Panjah to Ishkashiin, making an excursion to the Bhiva lake 
en route. This lake was an interesting spot. Tt turned out to be a 
high mountain tarn (not a flat-bottomed lake lik(' the Pamir lakes) 
with an underground outlet into the Darrnarokht stream, which 
carried its waters “cascading” down into the Panjah. The height 
of the lake was 10,3(X) feet, and that of the Panjah at the confluence 
about 6,800, the bee-line distance between the two being a little 
over six miles. 

Atlshkashim, early in December, he came upon Lieutenant Wood’s 
route, and the work of several native explorers, so he there concluded 

* Proceedings of the 1?. Geographical Society for 1887, p. 61). Sir Henry llawlinson’s 
shoiii but interesting paper identifies this central Pamir truck (which had also been 
mentioned by Major Trotter in the appendix to Sir D. Forsyth's ^"arkand Mission 
Report,' p. 457, Route XXYII.) as the famous trade route of antiquity, by which 
the caravans of Rome passed fronij^Ractria along the “ Vallis Comedarum ” to the 
equally famous Stone Tower on the border of Chinese territory. Sir Henry proves 
that it is in all probability the route followed by Hwen 'J'hsang, and that the 
Dragon lake, the holiest spot in the Ruddhist cosmogony, can be none other than 
the Rang-Knl lake, where the mythical legend of a dragon with a large luminous 
diamond set in its^forehead is still bdieved in by the Kirghiz inhabitants. Sir Henry 
also points out that Mr. Key Elias discovered traces on tbe Little Kara Kul and 
the Yeshil Kul of the passage of tbe Cbinese troops who in 1759 pursued the fugitive 
Khojas as far as the latter point in their flight to Badakhshan. 

J Y 20821 . N 
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his route survey. Ho had carried it on all the way from Ighiz Yar, 
and it came to over 600* miles between the two. Points were fixed as 
usual by an observation, and altitudes by boiling-point measurements* 
based upon Yarkand. In the map submitted by him to Govern- 
ment on his return to India the altitudes were all given about 
250 or 300 feet too low. It was made up befoiY) he had time 
to send the boiling-point thermometers to Kew to be retested. 
After that was done ho computed all the altitudes afresh with 
the new corrections and found the above general error. 

From Ishkashim Mr. Elias proceeded to Faizabad and stayed 
there till the beginning of January. It was too late in the year for 
travelling at high altitudes, and all Mr. Elias was able to do was 
to go on to Khanabad, near Kunduz, on a visit to the governor 
of the province, and thence make an excursion to the confluence 
of the Kokcha and I’anjah dtu-ing an interval of open weather, when 
a little new geography was got in. Faizabad was found to bo a 
small trading place of about 4,00() inhabitants, mostly Tajiks, and 
Khanabad a somewhat smaller town, with chiefly a Tui*ki population. 
Kunduz is now in ruins and almost uninhabited, and Khanabad has 
taken its place. 

From Khanabad, early in February, Mr. Elias was obliged to 
travel down to the '^rurkoman country to join the Afghan Boundary 
Commission, then near Maruehak on the Mnrghab, and was only 
able to leave them towards the end of Ajiril to return to Badakhshan. 
However, no geographical work was done on Mr. Elias’s return 
as he was recalled to India via Ohitial and Gilgit, arriving in 
Kashmir eventually towards the end of Se])tember 1886. 

The zoological investigations during the Afghan Boundary Com- 
mission fell to the lot of I)r. J. E. T. Aitchison, C.I.E., F.K.S., F.L.S., 
who was appointed naturalist, and had thus to undertake general 
duties in addition to his more special calling of botanist.f Captain 
C. E. Yato and Lieutenant Rawlins and other members of the 
mission rendered assistance in the supply of specimens, but the 
absence of regular collectors was a drawback, the Afghans being 
usoiess in this respect. Dr. Aitchisont’s collections comprised 290 

* Not 360 niik’s, as erroneously printed in the 11. G. S. paper, p. 69. of 1887. 

I Traiisactions of tlio Linnean Society of London, 2nd series Zoology, Vol. V., 
Part 3. The Zoology of tlie Afglian Deliiiii ration Commission,” hy J. K. T. Aitchison, 
M.D., C.I.E., F.R.S., F.L.S., London, 1889 (plates and two maps). 

Sve also a paper by Dr. J, Scully on the mammals and birds collected by 
Captain C. E. Vate, C.S.L, of rhe Afghan Boundary Commission (J. A. S. B,, Ivi. 
pt, ii., p. 68, 1887). 
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species, of which 32 were new, belonging to 210 genera. On<' of the 
most interesting was the Ellobim fus^cwapillus, a curious bull-dog 
headed mole-like rat with enormous incisor teeth. The whole of the 
Badghiz east of the Hari-Rud was in many places perforated like a 
sponge from the burrowing of this and other rodents, making it very 
unsafe to ride over. Another point of importance is the extension 
of the geographical range of T'ehit tKjris in Afghanistan as far east 
and north as Bala-murgliab, and that of the hunting leopard {Fdis 
jvhatii) to the valley of the Herirnd. A specimen ot ('ach is in 
the Zoological Society’s (lardens in London. 

The botanical researches during the progress of the Commission 
also fell to tlio care of Tlr. Aitchison, and bis obsetvatioiis thc'reon 
are likewise recorded in the Transactions of the Linnean Society.- 
He divides the eountiy which was traversed into seven natural 
sections or regions, as re])resented by its 2>hysical features, viz. : 
Northern Baluchistan ; the valley of the Helmand, from Hadj-ali 
to the Hamun of the Helmand river; the basin of the Hariit, from 
the Hamun of the Helmand to Ihihir ; the valley of the JTari 
Rud; the Badghiz district; Mount Do-shakh and Khorasan. 
Dr. Aitchison’s generalizations are that the flora of North-western 
Afghanistan differs much from the typical flora of Easterii 
Afghanistan, so graifliically described by llookcir and Thompson 
in their introductory essay to tln^ “ Flora Indica,” and that this 
difference is due to climatic conditions. The winter is much more 
severe and of longer duration ; in spj-ing the piTsistence of damp 
and cold is also more jjrolonged ; while the summer, though 
short’, IS intensely hot during the months of July and August. 
There is no mountain range to the north, moreover, to afford shelter 
from the continuous blasts of winter cold and hot dry air of 
summer ; so with such climatic conditions, cultivation below an 
altitude of 3,500 feet is impossible without the aid of irrigation or 
under the mitigatory influence of a river. Dr. Aitchison’s collec- 
tion consisted of oriental flora, with a considerable admixture of 
Siberian and Central Asiatic typos; there are also a few Western 
Himalayan or Tibetan plants, and a very limited number common 
to the Punjab and Sind regions. 


* 2nd Ser. Botany, Vol. III., Tart 1, April 1888. 

N 2 
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VIII. 

'riDAL AND LEVELLING OBSERVATIONS. 


Tho systematic record of tidal observations in India may bo said 
to date from the 4th July 1877, Avhen an important Resolntion on 
the snl)jcct was passed by the Government of India. Tho advan- 
tages of such observations were pointed out in the Resolution to bo 
mainly the following : — 

(1.) They enable standards to be fixed for the purposes of survey. 

(2.) They afford data for the calculation of tho rise and fall of 
the tides, and thus subserve the purposes of navigation. 

(3.) They are of scientific interest apart from their practical 
usefulness. 

The first two of the above were considered by the Government 
of India to be of strictly local bearing, an accurate survey of a'port 
being essential to tho safety of the shipping frequenting it, and 
correct tide-tables necessary for the convenience of navigators and 
engineering purposes within the port itself. It was therefore laid 
down that every port where a tidal gauge was sot up should pay 
for its establishment and maintenance from port funds. The third 
object, the scientific results to be expected from the record, would 
be sufficiently provided for by the appointment by the Government 
of India of one of its own officers to supervise and control the local 
observations, and to arrange for their utilisation. 

The general superintendence and control of the tidal observations 
(which included a continuous registration of the barometric pressure 
and of the velocity and direction of the wind taken by self-recording 
instruments) were entrusted to Captain A. W. Baird, R.B., Deputy 
Superintendent, Great Trigonometrical Survey of India, who had 
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already for some years past been engaged upon tidal observations 
in the Gulf of Cutcb and on their reduction in England. 

Inquiries were at once set on foot to ascertain the most suitable 
ports for tidal stations. The necessary conditions were, firstly, a 
site immediately over or close to the sea, where the depth was not 
less than from 10 to 1 5 feet at lowest tides ; secondly, the presence 
of a port officer to exercise a general supervision over the operations 
and correct the clocks of the several self -registering instruments 
whenever necessary, either by direct determination of time or by 
getting the true time from the nearest telegraph office; thirdly, the 
feasibility of periodical inspection of the instruments at intervals 
of not less than six months generally, and more frequently when 
there might be no superintending officer resident on the spot. 

During the following year Captain Baird visited Bombay, 
Karachi, Karwar, Aden, Bcypur, Paumbcn, Madras, and Viza- 
gapatam, making due arrangements at each port. A man was 
placed in charge of the instruments in each place, and taught how 
to manipulate them ; he was also taught to read the graphic 
delineations of tidal height, and to enter the value for oacli hour 
in a tabular reporc which was sent off to Poona daily. 

The barrels of the tidal gauges are five feet in length, and thus 
capable of registering on the scale of nature all tides of which the 
amplitudes between extreme high and low water do not exceed 
five feet. For tides of greater amplitude a gear of wheels is supplied 
to each instrument, enabling the scale to bo varied. 

Thei analysis of tidal observations is a matter of much complexity, 
and from the outset Colonel Walker determined to adopt the 
procedure recommended by the Tidal Committee of the British 
Association for the investigation of the tidal constituente, and to 
employ Mr. Edward Roberts, F.R.A.S., of the Nautical Almanac 
Office, — ^who, under Sir William Thomson’s supervision, had reduced 
and analyzed the tidal observations placed at the disposal of the 
British Association for the advancement of Science — in working out 
the yearly tables of tidal prediction from the values of the tidal 
constituents with his tide-predicting machine. 

In the system of analysis adopted by the Tidal Committee of 
the British Association, the successive heights of the tide for each 
hour at each port are grouped in a large number of combinations, 
so that the exact effect of each grouping is ascertained with great 
precision. The following explanation may serve to elucidate the 
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process pursued. If the height attained at any tide be marked 

upon a wharf wall, as at A in the annexed 
diagram, and also the point of lowest 
depression as at G, and a circle drawn 
through these two extreme points, then, 
roughly, the heights at equal successive 
times may be found by dividing the cir- 
cumference of the circle into equal parts, 
as at B, C, D, &c., the fall and succeeding 
rise of the water reaching the points thus 
found in equal times. If now, for sim- 
plicity, the tidal heights at each hour of the day bo thus grouped 
together for an entire year,* and the sums and means of the 8G5 
groupings taken, the mean value of the effect due to the sun will 
bo obtained. Similarly, another grouping according to mean lunar 
hours will give the mean value due to the moon. These values 
would represent the values supposing the sun and moon to be always 
at the same distance from the earth, and also at the same inclina- 
tion to the horizon. Tho lunar orbit, however, is far from circular, 
and in practice it is found that it is necessary to include several 
other groupings to correct the moan values obtained as above. 
A smaller number suffices for the solar tide, tho earth’s orbit 
ap])roximatiug much neai’oi’ to a cii'cle. Other groupings correct 
the mean values for the varying inclinations of the sun and moon 
due to the different declinations or distances from tho equator of 
these bodies. The effects due to rainfall and other meteorological 
causes are similarly found. 


In jiractice about 25 groupings are made, and some 30 values 
obtixined. The quantities obtained give the value of each tidal 
constituent in feet (or other measure) and the time at which such 
coustituent tide is at its maximum. For simplicity we may assume 
that the tide traced on the whaif wall is due to oidy one body, and 
that the water attains the successive positions indicated by tho 
points A, B, C at each succeeding hour from noon at A to midnight. 
Then the value of tho tide found from tho groupings will be 
the range or radius of tho circle 0 A, and an angle such as A 0 B 
will give the time at which the tide was at its maximum or highest 
point. The mean level of the water will be given by taking the 


* For siiecial reasons a period of 369 days 3 hours is generally used, being 
25 seinilnnations. 
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mean of all the successive heights, and in the figure is represented 
by J D. 

If now it is required to calculate the height of the tide for any 
port for which the tidal values have been obtained, it will bo 
necessary to find the value of the heights due to the mean sun 
and the mean moon, and also each of the smaller constituents duo 
to the ellipticity of their orbits, &c. The algobi-aical sum of these 
added to the mean, height mil give the height desired. 

It will be readily seen that if the number of poi’ts be considerable 
heights calculated in this manner for, say, each hour of the day foi- 
a whole year would involve very great labour and require a con- 
siderable staff of calculators. Recourse has consequently been had 
to mechanical means to effect the desired object. It will be readily 
understood that if, say, the hand of a clock re]m,'Sonted propor- 
tionally the value of any one tidal constituent, and it is made to 
revolve in its proper time, then the successive heights due to the 
component will be traced by the end of the hand. Similar move- 
ments would rejn’esoiit the oilier tidal constituents, and all that 
would remain to be effectetl would be. to (vvihine all the heights 
thus traced out . The tido-]>rodicting maeliiiie, made by Mr. A. Lego 
from the designs of Mr. Edward lloborls for the Indian Govern- 
ment, embodies a beautiful and simple means of combination, the 
suggestion of Mr. Beauchauip Tower, and consists of a veiy fine 
and flexible wire fixed at one mid and carrying a tracing point at 
the other. This wire passes successively over and untler 20 ])ullics 
arraimcd in two rows of movements abovi' and under each other. 
Each pulley is made to I’evolvo relatively to the others in its own 

projier time, and is cajiable of being 
throAVU out from its centre to the I'ange 
of the constituent it represents. 

The free or tracing end of the wire will 
thus represent the height duo to the ivhole 
of the pullics. To avoid the error duo to 
the wire being thrown out of the vertical 
by the revolution of the pulley it is 
carried on a parallel slide (designed by 
Sir William Thomson), whereby the wire 
is kept strictly vertical under all the varying positions of the pullies. 

In the machine designed for the Indian Government Mr. Roberts 
has included no less than 24 tidal constituents, which, for most 
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ports, include all that ])roduce any sensible effi^ct, and he has been 
most successful in finding numbers for the wheels in the gear-work 
which represent relatively tho periods of each of the constituent 
tides. The machine can be run for a period representing a whole 
year, practically without eiTor. Thus, fpr the chief tidal ebn- 
stitueut, if the hand represented mean lunar time at starting, its 
error relatively in time at the end of a run of 365 days would not 
amount to a quarter of a minute. 

The saving effected by the machine can be imagined when it is 
stated that the curves for a whole year can be run oflT in about two 
hours, and then only require to be read olf, whilst tho calculations 
of, say, tho heights for any one port for a year, combining the 20 
constituents included in tin*, machine, would take a practised 
computer some four to five months’ labour. The machine is used 
noAV in the predictions of over 30 Indian ports, and Mr. Roberts 
fwho has charge of the instrument and superintends all its opera- 
tions) also uses it for the predictions of the tides at Singapore and 
Hong Kong, and expects shortly to include in its predictions the 
tides of other East Indian ports, and also those of South Africa 
and Canada. 

It may be stated that on the whole the predictions are very accurate 
and give very general satisfaction. 

Simidtaneously with the tidal observations, spirit-levelling opera- 
tions Avere carried on, partly with a view to comn'ct the tidal 
stations and ascertain Avhether there is any appreciable difference 
in the mean sea-level at the several places, and paitly to coihiect 
together and reduce to a common datum the hitherto isolated 
system of levels which have been executed throughout the country 
for canals, railways, and other engineering works. Dining 1877-78 
lines were carried from Damaun to Bombay, completing the line 
wanted to connect the three tidal stations on the Gulf of Cutch 
with the one at Bombay; from Bombay to Oallian Junction of the 
Great Indian Peninsula Railway, and thence up tho Bhoro Ghat to 
Poona, and down to Satara; from Callian to the Thai Gh^t, and 
thence up the Ghat to Igutpuri, Malegaon, and finally to Chikal- 
wohol. In addition to these main lines, short branch lines were 
carried to connect local bench marks of importance, the aggregate 
length of line completed amounting to 589 miles, fixing 536 bench 
marks. 
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During 1878 the gauges continued to work well, though at 
Madras and Vi/agapatam the occurrence of cyclones caused damage 
to the apparatus, and temporarily interrupted the observations. 
Sites for future sites, chiefly along the Arakan and Tenasserim 
coasts, were selected, and progress was made with the lines of 
spirit-levels, chiefly in the Bombay Presidency. In the following 
year six additional places for the erection of tidal gauges were 
selected, viz., False Point, Rangoon, Elephant Point, Amherst, 
Moulmein, and Port Blair, at which place the clerk in charge was 
a licensed European convict who was also the port signaller. Self- 
registering anemometers, and aneroid barometers, and verificatory 
mercurial barometers were erected at all the tidal stations, with the 
exception of Karachi, Bombay, and Madras ; at the last two of 
which there were meteorological observatories already in existence. 

The accuracy of the tidal registrations depends very greatly on 
the adjustment of the instrument both to true time and to a 
definitely fixed level, so that when the pencil in traversing the paper 
on the barrel crosses an hour-line the time should bo exactly that 
of the hour indicated, and when it crosses a height line the height 
should be exactly that of the momentary lu'ight of the sea-level 
with reference to the bed-plate of the instrument or any fixed 
bench mark in its neighbourhood. The several adjustments and 
settings are of course made with great accuracy before the com- 
mencement of the registrations, but this would be of little use if 
the instruments were not maintained uniformly in exact adjustment 
throughout the entire period of registration. Fortunately, thc're 
was a* telegraph oflBce at nearly every place where a tidal observatory 
had been established, so arrangements were made to correct the 
clocks of the self-registering instruments to local time wherever 
necessary by communicating with the adjoining telegra])h office. 
In 1880-81 the number of self-registering tidal gauges was 14, 
while new stations 'were being erected at Kidderpore, Diamond 
harbour, Saugor island, Bhaunagar, and Negapatam. 

A complete set of all the instruments used in connexion with the 
tidal operations on Indian coasts was sent for exhibition to the 
Geographical Congress at Venice. The tide gauge was connected 
with the Grand Canal, and registered the tides there during the 
duration of the exhibition. Captain Baird was awarded a gold 
medal of the first class in acknowledgment of his scientific services 
in regard to tidal matters. 
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In 1880-81 the tidal stations at Madras and Bombay were 
connected for the first time by a line of spirit-levels carried directly 
across tlie peninsula, for the most part near the railway. At each 
station the mean sea-level was determined very approximately, and 
the result of the spirit-levelling operations over a line 730 miles 
was to make the mean sea-level apparently about three feet higher 
at Madras than at Bombay. Compared "vrith the surface of the 
spheroid or other geometrical figure which most closely corresponds 
to the figure of the earth, there must probably be variations in the 
general level of the surface of the ocean at diftei*ent places, and 
certainly where the attractions of mountains and the like are not 
counteracted by tlefici<mcies of density in the strata below the 
elevated masses. But, as the surface of the ocean is everywhere 
maintained in equilibrium there can be no flow of water from one 
j)oint to another. The differences of height however considerable 
must be insensible, because they cannot be measured by instru- 
mental means, for the causes producing them must ecpially afiect 
both the spirit-levels of the instruments and the level of the ocean. 
Had the spirit-levels been carried, without error, along the coast line 
from Bombay round, via Cape Comorin, to Madras, they must have 
shown identity of mean sea-level at Bombay and Madras, just as had 
been met with in the Red Sea and the Mediterranean, on opposite 
sides of the Isthmus of Suez, and in the Atlantic and the Pacific 
Ocean at the Isthmus of Panama. And this ich'utity would have 
been obtained even if there were actually a considerable difference 
of height, which is very possible; for the Western Ghats and the 
generally greater elevation of the westcjTi as compared with the 
eastern half of the peninsula are sources of attraction which if 
not counteracted by deficiency of density below the elevated masses 
must raise the mean sea-level at Bombay no less than 31 feet 
(according to Mr. Hennessey’s calculations) above the mean sea-level 
at Madras. The levels, however, Avero taken across the continent 
and not along the coast line ; they were carried from Bombay up 
the short and abrupt ascent to the crest of the Western Ghfits, and 
then down the long and gentle decline to the east coast, and it has 
been surmised that the closing discrepancy of three feet at Madras 
may be due to the proximate and local attractions of the hills and 
table-lands over which the levels were carried, or else to the 
accumulation of small errors, so minute as to be barely appreciable 
at any single station, but possessing a tendency to be repeated at 
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successive stations, and to attain some magnitude at the end of a 
long lino. 

During 1881-82 large discrepancies were for the first time mot 
with between the tidal predictions and the actual facts of the tides. 
This arose in the case of stations situated on the banks of great 
rivers, as the Hugh and the Irawadi, in which the tides are 
influenced not only by the attractions of the sun and moon, but by 
the amount of watei' brought down by the river from its sources, 
which varies at different seasons of the year. The tide tables 
for three stations on the Hugh, two on the Irawadi, and one 
on the Salwen were found to be erroneous to tlio extent of 
occasionally an hour or more in the times and a foot or more in 
the heights of high and low water, facts which have shown 
the necessity for suiiplementing the matliematical f'oi’inula! for the 
harmonic analysis of purely luni-solar tid(‘S by formulna to take 
cognizance of riverain influences, Tlie subject is, liowever, a very 
abstruse one, and in the meantime Mr. Roberts lias adopted a 
provisional mc'thod of predicting tides for riverain ports.* 

One of the results of the Indian tidal observations proved about 
this time to furnish some light on the (piestion of the rigidity of 
the earth. The sidiject had been mooted about 1865 by Bir William 
Thomson, who appealed to the universal existence of oceanic tides 
of considerable Jieight as a proof that the I'arth as a whole possesses 
a high degree of rigidity, and maintained that the jireviously 
received geological hyjiothesos of a fluid interior wore untenable. 
At tjie Southampton meeting of the British Association for the 
Advancement of Science Professor G. II. Darwin brought forward 
a numerical estimate of the rigidity of the earth, which gives 
evidence of “ a tidal yielding ” of the earth's mass, and further 
indicates that the effective rigidity of the whole earth is about eipial 
to that of steel. j* This theory ho largely based on the results 
derived from the Indian tidal observations.! 

An interesting fact was also revealed from a comparison of the 
observations at Madras Avith those taken in 1821 by Colonel De 
Haviland, of the Madras Engineers, which is that the mean sea-level 

• See Tide Tables for 1883 for Diamond harbour in the River Hugli. 

f Professor Darwin’s later researches tended to prove that the effective rigidity is 
not so great as that of steel. 

X See nho the address of General J. 'I'. Walker, as President of the Geographical 
Section of the British Association at the Aberdeen meeting in 1884. 
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at Madras in 1881 was about one foot lower relatively to the land 
than it was 60 years previously. 

Tn connexion with the subject of tidal observations mention 
sliould be made of the earthquake which happened on the morning 
of the 81st December 1881 in the Bay of Bengal. It was very 
violent in the neighbourhood of the Andaman and Nicobar islands, 
more or less violent along the entire length of the west coast from 
Ceylon to Calcutta, and slight at various points along the east coast. 
Tile efirth-waves appear to have lasted for only a few seconds, but 
the ocean was greatly <iistnrbed, and the waves continued to roll 
against the cast coast for several hours afterwards. At Rangoon, 
Moulmein, and Amherst there was no disturbance of river and 
ocean surface, but at the island of Kissoraing, below Tenasserim, 
Major Rogers, who was at the very moment measuring angles with 
one of the great theodolites, “ saw the earthquake before feeling it,” 
as the signal which he was observing (some 15 miles distant) 
appeai’ed to lise and fall in the field of the telescope. On looking 
at the levels of the instrument he found that they were violently 
agitated, and he subsequently ascertaiTied that the earthquake had 
been felt, at almost the same moment, at Madras and False Point, 
on the opposite coast. The origin or centre of impulse was there- 
fore, in all probability, a point in the bay almost equi-distant from 
the throe stations, but lying a little to the south.’’' 

During 1882-83 the Paumben observatory ceased to be operative, 
owing partly to severe weather and partly to the observatory and 
equipment being more needed in Ceylon ; and those at Karwar and 
Elephant Point were also dismantled. In all 18 groups of 
observations were reduced, and the so-called “ constants ” supplied 
to Mr. E. Roberts for computation of prediction tables by the tide- 
calculating machine. 

These tide gauges afforded an unique opportunity of observing the 
tidal phenomena resulting from the great eruption of Krakatoa, in 
Java, on the 27th and 28th August. Major Baird prepared a full 
report on the subject, dated December 1883. His - main conclusions 
are : — 

1 . The primary effect of the eruption was a marked fall in the 
sea-level, or, in other words, the formation of a negative 
super-tidal wave at each of his stations. 

* Major M. W. Roger’s report is printed at page 71 of the Appendix to the Indian 
Survey Report for 1881-82. 
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2. Tliis negativo wave ivas succeeded by a great positive wave at 

an interval ranging from 75 minutes at Ncgapatam, the 
station nearest Krakatoa, to 24 minutes at Aden, the most 
distant station. 

3. Super-tidal wavelets, denoting antecedent minor eruptions, 

were registered at the whole of the Indian stations some 
hours, more or less, before the effects of the great eruption. 
This shows that the explosions were at first com])arativoIy 
faint and feeble, being felt only at the neai’est stations, but 
afterwards they increased in intensity, becoming sen.sible 
even at the most distant station three hours before the effects 
of the great eruption. 

4. Great super-tidal waves of amplitudes ranging from a maximum 

of 22 inches at Negapatani to a maximum of 9 inches at 
Aden were registered at all the stations which were in a 
position lo receive the full force of the eruptions at Krakatoa, 
unobstructed by the configuration of the foreshore. Other 
waves of less magnitude occurred at those stations at 
intervals of one to two hours foi* about 12 hours after the 
first great wave. 

5. The secondary groat waves wore succeeded by wavelets 

gradually diminishing in size but continuing for some time. 

C. Loud reports resembling the firing of distant guns were lu^ai'd 
at Port Blair and in the Nicobar islands on the 2()th and 
27th August, and, being supposed to be signals from a vessel 
^ in distress, a steamer was sent out in search of the vessel. 
Similar reports weie heard at two places on the coast of 
Ceylon on the 26th, first at 6 p.m. and afterwards at 
midnight. 

These facts show that the terrible and disastrous eruption at 
Krakatoa, which was attended with such an appalling loss of life, 
was preceded for some hours by minor eruptions which were 
insignificant oidy by comparison, for they produced effects which 
were sensible even at Aden, a distance of upwards of 4,0(X) miles.* 
The spirit-levelling operations carried on in connexion with the 
tidal operations in 1882-83 completed the last link in the long line 

* General K. Straehey, K.K., C.S.I., has commuxiicnted an interesting and .siiggestire 
note to the Royal Society on the barometrical ni.sturl)iince.s which j)a.sse<l over Europe 
between the 27th and 31st August, and investigated the speed of the baronielric.-il 
v.-aves travelling from Krakatoa round the earth. 
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of spirit ■'levels between the sea at Karachi, on the Indian oceae, 
and False Point, in the Bay of Bengal. This line runs from 
Karachi up the Indus to Mithankot and onwards via Pirozpnr, 
Agra, Allahabad, Monghyr, and Calcutta to False Point, a distance 
of about 2,300 miles, or as far as from London, straight across the 
Channel, Germany, and Russia to Astrakhan. It is probably the 
longest line ever run between two seas, and the error in levelling, so 
far as is known, does not exceed 1 1 foot, or under nine inches per 
thousand miles ; in its absence accurate sea-level as a datum was 
unknown throughout the vast length it traverses. 

During 1883-84 throe now stations were opened at Marmagao, 
on the Malabar coast, and at Gallo and Colombo in Ceylon. The 
predictions for 1883 Averc found to be good ; they may bo sum- 
marised as follows : — 

Percentage of predictions within 15 minutes of actuals. 

Water. Low Water. 

Open coast stations - 72 per cent. - - 70 per cent. 

Rivei'ain - - 70 ,, - - 60 „ 

Percentage of predictions Avithin 8 inches in height of actuals. 

High Water. Low Water. 

Open coast stations - 92 per cent. - - 96 per cent. 

Riverain - - 66 ,, - - 64 ,, 

A connecting link was also interpolated during the following 
season between Sironj and a station 32 miles north of Maumad, on 
the Bombay and Agra road, completing a line of levels between 
two sea-coast stations very little inferior in length to the chain just 
mentioned ; the closing error was only ‘624 of a foot, or less than 
four inches per thousand iniles. 

In 1884-85 the observations of Beypnr and Yizagapatam were 
closed, after a full course of work extending over five years, and 
their equipment was rcmov(!d for the erection of tAvo tiew observa- 
tories at Cochin and Cooonada. At False Point the observatory was 
unfortunately swept away by the cyclone Avhich committed such 
devastation on the coast of Orissa, on the 22nd September 1885. 
Captain Douglas, the port officer there, lost his life, as well as the 
tidal observatory clerk. Chittagong and Bhaunagar were started in 
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1885-86, the instnmionts at the latter station being provided at tlic 
cost of the Durbar. Diamond harliour, Amherst, and Moulmein were 
discontinued on completion of the usual period of registi’ation, Avhich 
in the case of Moulmein was extended to six years owing to certain 
peculiarities in the tides of that })ort. 

An important improvement was introduced into the tide tables for 
1887, by the omjdoymeut of a scientific datum, which rendered it 
possible to fix finally the datum for each of the observatories. 
Previously to that the datum line of soimdings adojitod by the 
Admiralty was the ‘‘ mean low water for ordinary K])ring tides,” but 
as the term was not scientifically accurate with reference P) tidal 
theory, a new datum line, calhal “The Indian spring low-water 
“ mark,” was definitely adopted after discussion Avith I’rofessor 
Darwin and Captain Wharton, R.N., the nydrographer, and a table 
Avas prepared to show the datum finally decided u})on.'" 

In 1886 the Amherst observatory was closed and the instruments 
sent to Akyab, Avhere a, noAV station was erected, and on the night of 
the 29th September in the same year the tidal observatory at Dnblat, 
near the mouth of the Hugh, was swept away with all its contents 
by aheavy wind and sea, and none of the instruments or records could 
be I’ecovored. Fortunately the clerk Avas absent and no loss of life 
occurred. 

The diagrams of the self-ri'gistering tide gauges at Palso Point and 
Dublat (Saugor island), and at Diamond harbour and Kidtlcrpore on 
the Hugh, for the 11th March and 9th April 1885 show unmis- 
t.aka)^ly that considerable tidal disturbances took place on those dates 
at the stations named. From a consideratimi of the facts, AA’hich are 
reviewed by Major Baird in a special memorandum, f it Avould appear 
that a submarine depression caused the disturbance of the 11th 
March, and that this Avas followed about a month later (9th April) by a 
submarine upheaval Avhich caused a very considerable wave to pass up 
the Hugli. There are indications that the latter may have occurred 
at the Sand Heads, ojiposito Balasore. 

The stations at Negapatam and Ehphant Point wore closed m 1888, 
and two fresh ones at Tnticorin and Prince’s Dock, Bombay, Avero 
started. In 1889 the observatories at Colombo and Galle having 

* Tho datum is defined as the sum of the semi-ranges ot* the principal lunar (Mo) 
and principal solar (So) semi-diurnal tides, and of the uni-solar (K^) and the lunar 
diurnal (Oj) tides below mean sea level, that is to say : — 

Aq — [H of Ma -r II orS 2 -f II of K, -f II of 0,] above the zero of tlie ^j:au«e. 

t page Ixxiv of Apjiemlix to Indian Survey J^eport for 188(1-87. 
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completed their registration vrevo dismantled and the sites of throe 
now obsorvatoi’ies at Trinconiali, Diamond Island, and Miuicoy 
Island wore selected. In addition to these it has been decided to 
start observatories at Jashk and Bush ire. 

Since the systematic resumption of tidal observations in 1877 
observations have been taken at 28 observatories, of which 11 have 
been closed on the completion of their I’egistration, and 17 were in 
operation in 1888 and the same number in 1889. 

The results of the predictions for 1889 may be summarised as 
follows : — 

Percentage of predictions within 15 minutes of actuals. 

Watiir, per cent. Low Water, per cent. 

1 1 open coast stations -70- - -70 

5 riverain do. - 66 - - - 59 

Percentage of jirodictions within 8 inches in height of actuals. 

• High Water, jier cent. Low Water, per cent. 

1 1 open coast stations - 98 - - - 96 

5 riverain do. - 70 - - - 59 

The constituents of the Indian tides are now computed by new 
formulae investigated by Professor Darwin, in supersession of tho 
formulm first suggested by tho Tidal Committee of tho British 
Association.”' 


* A “Mnniial for tiiln! oLscrvalious iiinl their reiluetiom by tlie uinthod of luinuunie 
iiual)'«s, widi an Appendix,” was compiled by Major liaird, and published by Taylor 
and Francis, in 188(3. 
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All great national surveys have for many years past contributed 
data for the determination of the liguro of the earth. At first these 
consisted mainly of measurements of the distances between successive 
points situated on a common moi’idian, and of the astronomical arcs 
of amplitude between these points, but it is only of late years that 
similar measurements h.avo been attempted in the case of points 
situated on a common parallel of latitude. The reason of this is that 
the required astronoTnical data are very readily obtained in the case 
of meridional ai’cs by determining the latitudt's of .the geodetic 
points, which is on(' of the simplest problems of practical astronomy ; 

. but on arcs of parallel, longitudes are i-equirod instead of latitudes, 
and the precise astronomical <leteriniTiation of an absolute longitude 
uniler such circinnstances is well nigh impracticable When, how- 
ever. places are connected telegraphically, their ditforcnces of longi- 
tude can be determined with great precision, and this has been done 
both in America and Europe. In the former country the operations 
were utilised for geographical purposes only, but iji Europe, which 
is covered with a net of triangulations, of which there is as yet no 
counterpart beyond the Atlantic, their chief interest lies in the light 
they throAV on the figure of the earth. 

At the same time these investigations have benefited the Indian 
Survey in a way that may be shortly explfiinod. In order that 
the true latitudes, longitudes, and azimuths of the stations of a 
’ system of triangulation on the earth’s surface may be computed, 
it is necessary that the polar and oquatoreal axes of the terrestrial 
spheroid should be correctly known, as they ai’e involved in the 
forrnulaa by which such computations are effected. The value 
of those elements that have since 1830 been used in the calculations 
of the Indian Survey ai'e those known as “ Everest’s (’onstants, 
1st set.” Any error in these adopted elements will, of course, 
produce an error in the geodetical latitudes and longitudes of the 
stations, increasing with the distance from the originating station. 

I y 20321. O 
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Consequontly as the Indian geodetic operations have come to bo 
extended over the whole peninsula, along the Burmese coast and 
across the mountains into Siam, and as far east as Bangkok, 
it has become more and more important’ to determine the amount of 
error in the further stations. 

The data for such investigations are furnished by — 

(1.) Comparison of observed latitudes with geodetic latitudes; 

(2.) Comparison of observed longitudes with geodetic longitudes ; 
and 

(3.) Comparison of observed azimuths with azimuths deduced 
through the triangulation from the station of origin. 

The astronomical observations are of great importance in vai’ious 
Avays, among which may be mentioned that they contribute largely 
toward the investigation of local attraction, and also towards the 
accurate determination of the position of India Avith respect to its 
distance from GreenAvich, and lastly they furnish data for improving 
existing star tables in the case of about 9(X) stars. 

But before the application of the electric telegraph to the 
determining of longitudes the comparison (2) could not be made, 
because the longitudes determined by the old methods Avere not 
sufficiently accurate for such a purpose, a case in point being 
that of Madras Avhich, though the result of many years careful 
observations and tjiken with all the refinements of a well-equipped 
observatory, was discovered through these electro-telegraphic 
operations to be erroneous by about 2^ minutes of arc, Avhich had 
the effect of placing India nearly 3 miles too far from Greenwich, 
and of ascribing an error of 10 seconds to the chronometers of all 
ships arriving at Indian ports from' Euro jie or America.'*' Thus the 
introduction of electro- telegraphic longitude operations into India was 
a most A^aluable addition to the geodetic opei’ations of the Survey. 

The Government of India have always taken a very liberal view 
of the more purely scientific ends of the Great Trigonometrical Survey, 
and almost from its commencement the operations of the Survey have 
furnished data for investigating the figure of the earth. Its earliest 
contributions to the science of geodesy were determinations of 
the lengths and amplitudes of meridional arcs, as described in 
Colonel Everest’s accounts of the measurement of sections of the 
meridional arcs of India published in 1830 and 1847. Then came 
the series of Pendulum observations for the purpose of determining 

♦ Soo infra, p. 213. 
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the variations of the force of gravity at sundry stations of the 
Survey, situated on mountains, table lands, the interior of the 
continent and the coast linos, which was commenced in the year 
1865 and is described in the fifth volume of the Account of the 
operations of the Great Tingonomotrical Survey of India. And 
when the electric telcgi'aph had been introduced into India, the 
advantage was taken to commence the measurement of differential 
longitudes • between certain stations of the Survey, co-ordinating 
with the differential latitude measurements and thus to contribute 
to the science of geodesy determinations of a number of longitudinal 
arcs which were to supplement and be combined with the time- 
honoured Meridional Arcs. 

One of the first preliminary steps for the electi'ic determination 
of differential longitudes was to procure the necessary apparatus, 
the astronomical clocks, transit instruments, chronograph and 
electric appliances. On the reconiTnendation of Colonel Walker, 
then Superintendent of the Great Trigonometrical Survey, the 
expenditure for this was sanctioned by the Secretary of State, and 
Colonel Strange, a retired officer of the Survey, ivsiding in London, 
was entrusted with the task of designing and superintending the 
construction of the instruments, lie had already acquired a high 
reputation for skill in mechanism generally, especially in regard 
to delicate geod('tic instruments. Messrs. Frodsham, of London, 
were selected for the task of making the clocks, Messrs. Cooke and 
Sons, of York, for the transit instruments, and Messns. Eichens and 
Hardj^, of Paris, for the chronographs and electric a])paratus. 
Before being sent out to India the instruments were examined 
at the observatory attacliod to the India Stores l)e])6t, by Colonel 
Strange, assisted by Captain W. M. Cam])bell, who subsequently 
took a prominent shari' in the observations themselves. 

The instruments Avere received in India in 1872, and Avere placed 
in the hands of Captains Hcu'schel and Campbell, Avho Avere then at 
Bangalore, A\ffiich, being connected both by railway and telegraph 
with Madras, was a convenient starting point for the operations. 
The arc Madras — Bangaloi’e was first measured, and then the sister 
arc Bangalore — Mangalore. The total arc was a votj interesting 
one. In length it was not so great — its amplitude was 5° 24' 12", 
and lineal measurement 364 miles — but it Avas situated much nearer 
the Equator than any other measured arc, and, moreover, it was 
on that very arc of parallel that Colonel Lambton had endeavoured 

O .2 
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in 1802-5 to determine tlie length of a degree of longitude, so the 
comparison of determinations by ancient and modern methods 
became peculiarly valuable. 

The procedure adopted in the telegraphic operations was as 
follows : — Two observers were employed, one for each of the two 
stations to be connected. Each observer furnished with a complete 
s(d of instruments took up his position and made the most accurate 
determination possible of the error of his own clock, and at certain 
times both observers Avorkiug in concert determined, by means 
of electric signals transmitted between the stations, the absolute 
diffenmeo between the clocks at a given instant. With these data 
the dilTeroncc of longitude between the stations oi- arc of longitude 
becomes known."' 

The results of the first field season's o])eratious ivere unfortunately 
unsatisfactory : one of the transit instrumc'uts showed discordanc<'8 
in the ' constant for collimation ’ wliich wore eventually traced to a 
fault in the joint of a telescope, so the observations were rejected 
anti re-measurement was necessary. 

During 1875-7G the following arcs wore measured by Captains 
('ampbell and Heaviside : — 

Haidarabad (Bolarum) — Bombay. Madras — Haidarabad (Bolarum). 
Bellary — Bombay. Madras — Bellary. 

Haidarabad (Bolarum) — Bellary. Bangalore — Bellary. 

DuJ’ing the next year (1870-77) the following arcs were measurt'd 
by tlm same officers : — 

Vizagapatam — Madras. 

Viziigapatam — Bellary. 

Mangalore — Bombay. 

In almost all the cases the trigonometrical values were found to be 
grtiater than the telegraphic. This is due partly to the circumstance 
thiit the constants for the figure of the earth, used in the computa- 
tions of the geodetic latitudes and longitudes of tlu^ Indian Survey, 
are not tpiile exact, and partly to local deflections of the plumb-line 
at the stations of observations, which indicate (in accordance, it may 
bo observed, with the results of Captain Basevi’s pendulum observa- 
tions) a probable greater density in the strata of the earth’s crust 
under the beds of oceans than under continents. 

* Voliiino IX. oi* the ofUTelions of the (irent 'J'rigoiioiuctiieul Survej' of linlia, 
page xiv. 
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On the completion of the ojiorations between Bombay and Manga- 
lore, Captains Campbell and Heaviside proceeded to determine the 
ditferences of longitude between Bombay, Aden, and Suez, in order 
to complete tbe comiexion between England and India, of which the 
section from Greenwich to Suez had been executed on the occasion 
of the Transit of Venus in 1874, under instructions from Sir George 
Airy, the Astronomer Royal, The Eastern Telegraph Company 
kindly granted the gratuitous use of their cables, not only during the 
actual Avork of signalling, but also during the preliminary tentative 
measures. In theses operations Captain Campbell devised a sort of 
automatic method of comparing the clocks through the caldes, so 
that no personal errors of observing or i‘e])oating signals could 
enter. The results were to establish the following values'^' ; — 


ll. 111. S. 

Station at Aden - - = 2 59 55-83 1 

Observatory at Bombay - = 4 .51 15-81 t 

Observatory at Madras - = 5 20 59-34 J 

The longitudes of all places in India are usually referred to Green- 
Avicli through tlie Madi-as ol)ser\mtory, the ])osition of Avbich lias 
been determined at various time's by astronomical observations. The 
latest deterininatiou bad been 5h. 20m. 57-3s., or 80'' 14' 19’5' 
east of GroeiiAvich, and this had been for many years the aiaieptod 
value, being that given in the Nautical Almanac. The effect of 
these olectro-te]ogra]iliic oliservatious Avas to shoAV that this value 
was about 2 seconds of time or 30-57 seconds of arc in deficit of 
whatTs probably the true A^alue, /.c., 80° 14' 50-03" E.* 


In 1877 both officers took furlough, and on their return tlie 
Afghan war intervened, but in 1880-81 operations Avere resumed 
and the following geodetic arcs were measured : — 


Bombay — Disa. 
Disa — Karachi. 
Bombay — Karachi . 
J abalpur — Bombay. 


f) abalpur — Haidarabad (Bolavnni). 
Jabalpur — ^Agra. 

Jabalpur — Disa. 

Agra — Disa. 

During the following season seven arcs were measured between 
Faizabad, Agra, Jabalpur, Hazaribagh, (Jalcutta, and Jalpaiguri, 


* See p. xviii. of Vol. IX. of “ A ccouat of Operations of the (Jr(‘at Trifyonometrical 
Survey of India.’' It 1ms been recently sii^^gested tbnt Indian longitudes should be 
referred direct to (Ireenwieb, so as to avoid the discrepancies arising from tbe fact of the 
true longitude of Madras Observatory being abovi* 2i minutes wt^st (^f its ticcepted 
position on Indian maps. 
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but owing to a defect in No. 2 transit telescope similai* to tbat found 
in 1872-73, throe of these arcs were remeasured in the following year 
as well as five new arcs, and in 1883-84 the operations moved east- 
wards of Calcutta as far as Moulmein, thus completing the last 
link hotwoon Karachi and Moulmein. 

In 1884-85 Major Heaviside resumed the observations for 
astronomical latitudes with the zenith sector, which had been in 
abeyance since 1871-72. He observed at stations about h.alf a degree 
apart down the Amua meridional soi’ios, commencing about latitude 
28° 30' N. and carrying them south over five degrees of the arc, 
which was eventually to be extended to Madras in latitude 13° 4'. 
The results arc given in the appendix to the Survey Report for 
1885-86, p. Iviii. 

No fewer than nine arcs were measured f(jr longitude by electro- 
telegraph in 1885-86, but, unfortunately, when the results came to 
be reduced and compared in the recess season, it was found there 
was a mysterious source of appreciable error, for out of five verifi- 
catory circuits'}* three exhibited errors between a quarter and a third 
of a second of time. These irregularities were investigated with 
the grc'atost care during the following season by Colonel Haig, 
Lieutenant S. Gr. Burrard, R.E., and Mr. Eccle.s, and every possible 
interchange of observers, telescopes, electrical apparatus, and stations 
was secured in a series of observations on a short experimental arc 
at Dehra Dun. The observations tended to show that the longitude 
operations had been harassed by ihree sources of error, viz., (1) 
electrical, (2) local, and (3) instrumental. But it must be bonne in 
n)ind that these so-called errors are intrinsically so minute as to be 
of no consideration whatever, except from a purely scientific point 
of vioAV.t 

* The Avhole of the details and results of the observations from 1875-T6 to 
will be found in Vols. IX. and X. of the “Account of tlie Great Trigonometrical 

Survey/’ &c. mentioned in the previous note. 

B 

I Any three arcs foiming a triangle offer a verificatory circuit: 
thus the sum of the arcs A B ami B C is cqurd to the arc A C, 
therefore, if tluj sum of the meamred arcs A B and B C differs 
from th(» measured arc A 0 the difference is due to error of 
measurement in one or more ares. 

'I They have since been traced to the detenninations of the errors of collinuitioii of the 
telescopes, which indicate either slight Aveakness in Ihe telescope tubes, or irregularities 
in the object glasses, Avhich Avere not always exactly cent(‘.red between the collimators 
in determining the collimation. 
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During the early part of this season (1886-87) Lieutenant Burrard 
continued the latitude observations with the zenith section near the 
meridian of 80°, observing at five stations and so extending the arc 
to about latitude 20° N. The longitude operations Avero resumed 
in Southern India, and the following arcs Avore measurtul : — 

1. Madras — Bangalore. 

2. Bangalore — ^Nagarkoil (near Capo Comorin). 

3. Madi’as — Nagarkoil. 

4. Nagarkoil — ^Mangalore. 

5. Madras — Mangalore. 

6. Bellary — Mangalore. 

7. Mangalore — Bombay. 

Nos. 1 and 5 wei’e revisions of the work executed in 1872 73 and 
rejected (as mentioned above) owing to a fault in the telescopes, and 
No. 7 the arc which was left incomplete in 187(5-77. 

Three of the old arcs in Southcni India wore revised in addition 
to four new ones being measured. Tlie s('ason’s measurements tended 
to confirm a curious geodetic fact that the plumb-line round the 
coasts of India deviates in the direction of the sea. They Avere also 
satisfactory in showing a diminution in the circuit errors Avhich Avas 
probably as small as can be expected, Avhile the value obtained for 
arc No. 7 differed only by ()‘023 of a second from the value of the 
same arc as measured in 1876-77. 

Operations wore resumed in 188t)-90 in the Punjab, Baluchistan, 
and Central India. Seven arcs Avere measured, including the 
revision of one formerly measured in Baluchistan, and the measure- 
ment of a cross-arc, Agra-Karachi. 
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X. 

SUPPLY OF SCIENTIFIC INSTRUMENTS. 


The supply of accurate instruments constructed on the most 
recently approved principles by skilled mechanicians has largely 
conclnccd to the precision of modern surveys. In 1862 the Secretary 
of State perceiving that the supply and examination of instruments 
ibr use in India were requirements likely to increase rather than 
the reverse, appointed Lieutenant-Colonel A. Strange, F.R.S., to 
supervise and test all scientific instruments destined for India, 
(lolonel Strange was an officer possessing high qualifications for the 
post ; ho had had considerable practical experience in trigono- 
metrical surveying, while his mechanical genius and knowledge of 
inath(imatica], geodetical, and astronomical instruments wore not 
surpassed by any man in England. A special observatory* and 
office wore erected at the India Store Depot in Belvedere Road, 
Lamberh, and since then the examination of instruments has steadily 
proceeded, the number of kinds of instruments annually dealt with 
being now close on 200, or about twice as many as in 1871, The 
effect has been to bring about a vast improvement in the quality of 
the appliances. In the early part of 1870 Colonel Strange died, and 
in June of the same year the Seci'otavy of State appointed 
Mr. Thomas Cushing, F.R.A.S., to succeed him a.s Inspector of 
Scientific Instruments, Mr. Cushing had also had much practical 
training and experience in his earlier career as a scientific 
mechanician, besides having been for nine years assistant to Colonel 
Strange. During the last three years the number of insti-uments 
examined by him has averaged about 10,000 per annum (valued at 
30,000/.) as against 7,000 in 1871.f Among them may be specially 
mentioned a six-inch equatoreal telescope, a large refiocting telescope 
and an observatory dome for the Poona College of Science, as well as 
costly physical apparatus of a varied kind for the use of colleges in 
India, amounting in value to 1,714/. For the Survey Department 
only instruments of the highest order are sent out, long experience 
having shown this is most economical in the end. 

* A description of the observatory will bo found ut page 201 of the “ Memoir o^ 
the Indian Surveys ” (2nd ed.). 

t Appendix I. shows the character, number, and value of tiiu scientific instruments 
examined at the Lambeth Observatory during the three years ended 1890. 
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In tho year 1879 Mi*. Cushing brought out a new form of levelling 
instrument which he called a “ I'eversible ” level. The objects wore 
to facilitate the adjustments, make the instrument more compact 
and rigid, and render the surveyor independent of the aid of an 
instrument-maker should anything go wrong when in the field. 
Several hundreds are in use at the present time in India. 

The tide-predictor, constructed for the Indian Government by 
Messrs. Lege and Co., is located in the observatory at liambeth. 
and ivith its aid tide-tables for upwards of 20 jmrts are annually 
printed and forwarded to India towards the end of the year pre- 
ceding the one for which they are prepared. The tides for several 
ports are also predicted for the Colonial Office. This work is very 
ably done by Mr. B. Roberts of the Nautical Almanac Office.* 

During the year 18S9 three new standard yard measures wore 
constructed in England by Messrs. Troughton and Simms as 
primary standards of length for the Governiucnts of Bengal, Bombay, 
and Madras, and were verified by the Standards Department of tho 
Board of Trade. It may be interesting to know that these important 
standards do uot absolutely agree in length, ’out they are probably 
as iioai: as human skill can make them. The standard temperature 
of India having been fixed at 85’ I’ahrcnheit, the cei’tificates of 
verification, which were forwarded to the respective Govcuniments 
with the standards, show their respective lengths at that temperature, 
which are as follows : — 

Bombay - 36-0(X)23406 inches. 

Calcutta - 30-00039041 „ 

Madras - 30-00007206 „ 

And tho co-efficient of expansion in each case is the 0-0003744 of 
an inch. 

The mints of Calcutta and Bombay were each supplied in 1889 
with new sets of standard tola weights, all of which were verified 
by the Standards Department of the Board of Trade, and the 
tables of errors were supplied to tho respective mints with the 
weights in question. 

The Calcutta mint also received a large balance, constructed by 
Napier, for weighing silver. It was a splendid piece of mechani.sm, 
made to carry upwards of 380 lbs. avoirdupois in each pan and to 


* For a description of the tide predictor, see p. 199. 
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turn witli two grains, whicli is a quantity less than the ono-millionth 
of the weight in each pan. It is needless to say that sucli accuracy 
requires the highest mechanical skill in the construction, and such a 
balance, which must necessarily bo costly, deserves the greatest 
possible care in use, notwithstanding that it is so constructed that 
the pans can be loaded before the knife-edge is brought into contact 
with the plane on which it acts in weighing. 

Besides the above department in London there is a similar depart- 
ment in Calcutta called the Mathematical Instrument Office, which 
receives and takes charge when necessary of all the instruments 
constructed in Europe for the Survey Department, manufactures those 
which can be made most economically in India, repairs those which 
are damaged, and keeps up a stock of serviceable instruments for issue 
to the Survey and other imblic departments in the Bengal Presidency. 
It has always been under the superintendence either of the Deputy 
Surveyor- General or one of the senior officers stationed in Calcutta, 
but it was not until 1877 that a report on this branch was issued. 
Since then the work done has liecii regularly noticed in the Surveyor- 
General’s Beport. In April 1878 the number of instruments in 
store at Calcutta was nearly 37,000, about a third of which belonged 
to the Public Works Department and a nearly equal number to the 
Survey, the remaining third being distributed among other depart- 
ments. The jirincipal description of instruments issued ai’e : — 

To the Suroeii De^iartiiient. — Aneroid barometers, binoculars, 
chains, magnetic compasses, drawing insti’uments, heliotropes, 
reading lenses, plane-tables, planimeters, protractors, flat rules, 
scales of various sorts, optical squares, telescopes, and theodolites. 

To the Marine 'J)epartmmt. — Barometers, binoculars, Massey’s 
patent logs, carj)enters’ rules, drawing instruments, sympiesomoters, 
telescopes, and thermometers (but all in very small numbers). 

To the Military Department. — Pocket aneroid barometers, sketching 
cases, prismatic compasses, drawing instruments, reflecting levels, 
protractors, scales of various sorts, pocket sextants, and tapes. 

To the Puhlie WorJes Departnrunt. — Drawing boards, chains, 
compasses, curves, drawing instruments, levels, protractors, car- 
penters’, rules, flat rules, scales of various sorts, levelling staves, 
tapes, and theodolites. 

To Miscellaneous Departments, viz., Meteorological Department, 
Telegraph Department, Educational Department, and others.— 
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Aneroid barometers, chains, drawing instruments, prismatic com- 
passes, surveying compasses, protractors, flat rules, scales of various 
sorts, pocket sextants, tapes, thermometers, and wind-vanes. 

The rates at which instruments were locally purchased in Calcutta 
in 1879 wore, on the average, about 34^- per cent, higher than those 
at which the instruments received from England had been issued to 
the public service, and which were themselves 20 per cent, above 
their English prices, in order to cover freight and other charges. 
Moreover, the articles pui’chased in the local market vrero seldom 
equal in quality to those received from England. 

The departmental manufactures, valued at about 10,000 Ks. in 
1878, and consisting chiefly of chains, hand map-printing machines, 
drawing boards, plane-tables, pluviometers, stands for compasses, 
plane-table telescopes, &c,, were issued, as far as could be ascertai)K!d, 
at about two-thirds of the value at Avhich similar articles could be 
issued if procured from England. In repairing too a very consider- 
able amount of woi’k is done, i.c., about twice as much as in 
manufacturing. Among the repairs was that of the great 24-inch 
theodolite which was used with great success by Colonel Branfill in 
Southern India, and among the now instruments manufactuiH'd was 
an idiometer, designed by Lieutenant- Colonel W. M. Campbell, H.E., 
the object of which was to afford means of measuring the absolute 
personal equations in observations of star transits recorded on a 
chronograph. The general arrangement is that of a moveable 
frame carrying vertical wii'es in imitation of the wires of a telescope, 
which passes in front of a fixed imitation star ; a small observing 
telescope is attached to the wire frame so as to follow its 
movements, and thus the ap])earance of fixed wires and a moveable 
star is obtained. As each wire passes the star two signals are 
recorded on the chronograph, one by the obseiwer and the othei* 
automatically by the instrument. 

In 1884 a fine circular dividing machine by Troughton and Simms, 
which had been obtained from England some years previously for 
the Madras Public Works Department workshops, and had lain 
there unused, was transferred to the Mathematical Instrument 
Office, where it was set up. It proved to bo of great use, enabling 
the limbs and verniers of many damaged theodolites, which 
would otherwise have had to be rejected or sent to England for 
repair, to be re- divided. In the following year a machine was 
imported from England for the purpose of testing all aneroid 
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barometers by a standard, in lieu of sending them to the 
Meteorological Department. 

In 1888 the Mathematical Instrument Department was located in 
its present handsome building,* which had been commenced the 
year previously. The transfer from the old house (one of the 
oldest in Calcutta) was not too soon, for some of the beams showed 
unmistakeable signs of collapse, and the steam engine had to be 
stopped for fear of disaster. It was found that the largo majority 
of the beams had been gutted by white ants, and it was fortunate 
that the house did not fall to ruins before it was vacated. The new 
building has fairly ample accommodation for workmen, stores, &c., 
there is an observatory on the roof in which a transit instrument 
has been set up for rating chronometers, and a new steam engine 
and shafting have been erected. 

During tlie last 12 years there has been a great increase in the 
work of the Department, necessitated by fresh annexations of 
territory in Burma and Baluchistan, the development of railways, 
roads and public Avorks, and a general increase in the .scientific 
requii’emcnts of the administration. The number of instruments 
issued in the year 1887-88 was 57,293, valued at Rs. 2,25,599, while 
out of the total stock 7,387, valued at Bs. 1,16,240, were procured 
from England, 31,840, valued at Rs. 35,252, were purchased in the 
local market, and 17.900, valued at Rs. 33,320, were manufactured 
in the Mathematical Instrument workshop. The last number shows 
a large increase, nearly 100 per cent, over the figures of the previous 
year, and the value has risen by nearly Rs. 10,000. 


♦ There is a capital photograph of the new building at page 92 of the Surveyor- 
General’s Report for 1887-88. 
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HEADQUARTERS OF SURVEY DEPARTMENT. 


The Headquarters Offices of the Departra(iiii of the Surveyor- 
General comprise six different offices, five in Calcutta, and one in 
Dehra Dun, whence the operations are directed, and where the 
resuHsToi the field surveys are worked up into final shape for general 
administrative use. These offices consist of — 

(1.) The Surveyor-General’s Office (including also the drawing, 
engraving, and map issue branches). 

(2.) The Lithographic Office. 

(3.) The Photographic Office. 

(4.) The Mathematical Instrument Office. 

(5.) The Revenue Survey Office. 

(All at Calcutta.) 

(G.) The Trigonometrical Survey Office at Dehra Dun. 

In 1877 the Calcutta branches were still in different buildings 
some distance apart one from another, and a good deal of incon- 
venience was felt in consequence. This anomaly and inconvenience 
had long been felt and recognised by Government sanctioning designs 
for new offices ; but it was not till 1882 that any part of the new 
building was sufficiently advanced to be occupied. In that year 
the new building designed to accommodate the Surveyor- General’s 
and Revenue Survey Offices was ready, and within a month after 
the close of the year the houses in Park Street and Middleton Street, 
in which the offices had previously been located, were vacated, and 
the entire stock of maps and records — the collection of nearly a 
century — of copper plates, and plant of all descriptions, was trans- 
ferred to their new quarters. The new building proved to be well 
designed and constructed. It is commodious and airy ; it gives 
sufficient space for all the members of the office, and excellent 
accommodation and lighting for the engravers and draftsmen, who 
had long had to work in crowded and inadequately lighted rooms. 
In 1882-83 it was decided to amalgamate the correspondence and 
accounts offices of the Surveyor-General’s Office and the Revenue 
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Survey Olfico under one Kegistrar, and form three sub-offices, the Sur- 
voyor-General’s Office, the Revenue Branch, and the Topographical 
Brandi Offices, each \mdor the immediate supervision of its own 
head dork. I'he work of the DraAving Office divides itself so dis- 
tinctly into two classes, the geographical drawing and that connected 
Avith lai’ge scale revenue maps, that it was found advisable to keep 
up tAvo sections of the office for the tAvo classes of work, though 
for administrative work the clerical staff vv^ere all amalgamated into 
one list under one Assistant Surveyor-General, The new building 
for the accommodation of the photogra])bic and lithographic offices 
was not completed till 1889 and Avas finally taken into occupation 
at the end of September in that year. These offices which had been 
for many yeai'S scattered betAveen three houses, of which one was 
at some distance from the others, were thus concentrated under one 
roof, and this concentration, together with the introduction of 
steam printing machines, enables tlumi to Avork with far greater 
economy and efficiency than Avas possible previously. 

A largo and important part of the work of the Surveyor-General’s 
Office consists in compiling urgent majis and preparing pressing 
data for other depaidments. With a aucav to prevent interrujition 
of Avork and to ensure a luori' perfect scrutiny of the geographical 
compilations and publications, a special examining branch Avas 
organised in 1877-78, and located in a se])arate jiart of the Siirveyor- 
General’s Office. 

The engraving branch have to cojac with two classes of Avork, 
viz.: — (1) the sheets of the Indian Atlas on the quarter-inch scale, 
and (2) provincial and other compilations and maps of India on 
smaller scales than the atlas. The increasing amount of labour 
thi'OAvn on the branch made it necessary after a time for the data 
engraved on the copper to be confined to the results of actual 
survey, all questionable details being left blank or drawn on tho 
jilate by hair linos. The engraving branch contains a largo 
number of natives Avho have been trained by Mr. Coard, the late 
superintendent, and his assistants to do the more mechanical part 
of the Avork very satisfactorily. But strange to say, the natives do 
not appear to possess the artistic skill requisite for hill etching, 
though at first sight it was imagined that this was precisely the 
class of work at which they might be expected to excel, and so 
the hill engraving has had to be assigned almost entirely to 
Europeans. 
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A considorable amount of labour was thrown on the Department 
by the preparation of a list of the latitudes and longitudes of all the 
places in Dr. Hunter’s Imperial (Jazettocr of India. This was 
successfully completed in 1879. 

In July 1878 Captain Waterhouse went to Europe -on privilege 
leave and visited the Paris Exhibition and other plac('S to investigate 
the most recent improvements in photography as applied to map 
reproduction. He also studied the ju’ocoss of iwactised 

at the Military Geographical Institute, and secured for the Depart- 
ment the right of using Mr. Willis’s ].>lniinotijpe process, a good 
permanent substitutes for silver printing. 

During the year 1879-80 the demand for nmps of Afghanistan 
was very groat and urgent, and it taxed the resources of the 
Department to the utmost to utilise s])eedily the new surveys which 
kept coining in from the seat of wfir from time to time. Fivt^ 
editions of the largo map issued under the successive titles of the 
two routes to Kabul and the seat of war in Northern Afghanistan 
were comjiilcd and published on the quarter-inch scale. Two 
editions of the ma[) of (Quetta to Kalat-i-Ghilzai and Girishk and a 
first edition of the map of Sibi to Quetta and Tal-Chotiali to the 
Pishin valley were ])ublished on tin* same scale, and a new map of 
Southern Afghanistan and Baluchistan was also taken in hand and 
completed during the ensuing yeai*. 

The jn’oeess of steel-facing the coppei' plates of the Indian Atlas 
to prevent wear has proved very successful. For some years a 
large .number of the plates had been thus treated and none of them 
showed the least sign of wear or of suffering from rust, while the 
system possessed another advantage in the fact that it was no longer 
necessary to make transfers from the co]q)er to stone, and that the 
clearer and sharper impressions could be taken directly fi'om the 
plate without fear of injiny to its surface. 

A very useful engraved general ma].) of India on the scale of 
32 miles to the inch was completed in 1881, to take the }daco of the 
old skeleton map Avhich had done duty for many years. Progress Avas 
also made Avith two smaller maps on the scales of 04 and 96 mih^s to 
the inch respectively. During the same year the map of Southern 
Afgljanistau in four sheets was also issued. There was a con- 
siderable diminution in the out-turn of geographical and military 
maps owing to the withdrawal of the British troops from 


* Dofforibetl in the A])f)en(lix to the Survey Report for 1881~H2. 
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Afghanistan ; but, on the other hand, there was a great increase 
in the number of cadastral maps printed, the voluminous character 
of which has always proved a very laborious undertaking. 

The despatch of the Indian troops to Egypt in 1881-82 neces- 
sitated the drawing and publication of a map of Lower Egypt, as . 
well as maps of the Suez Canal, Cairo, and Alexandria. All these 
came into great demand on the outbreak of hostilities. Happily the 
collection in the Survey Department contained some excellent 
French maps of Egypt, and from these single specimens large 
numbers of copies were rapidly obtained by photo-zincography, 
issued to the troops, and also sold to the public. 

In September of the same year (1881) the Venice Geographical 
Congress and Exhibition took place. Colonel C. T. Haig, R.E., was 
delegated thither by the Government of India as their representative, 
and Sir Henry Thuillier and Captain Baird were subsequently deputed 
in the same capacity from England by the Secretary of State. Sir 
H. Thiiillier and Colonel Haig wei’o also appointed British Commis- 
sioners by liord Granville. Collections of maps, charts, &c., wore 
despatched by the Indian Government, Ordnance Suivey, and 
Admiralty, and the Indian delegates obligingly took charge of tho 
arrangement and organisation of the English maps, &c., in addition 
to their own exhibits, which included a large and representative 
selection of Indian maps, us well as the great theodolite a7id other 
survey and tidal instruments. Two letters of distinction (the liighe.st 
award) were given to the Suivey of India in Classes T. and VIII., as 
well as two medals for native explorers (already mentioned at page 88, 
•note), a dijiloma of honour to the Marine Survey of India, a medal 
to Captain Baird for his tidal work in Class II., a medal in Class I. 
to Colonel Haig for his topographical maps of Gnjrat, and a medal 
in Class VI. to Dr. Hunter for his Gazetteer of India.* 

A map, based on triangulation, of the Nizam’s dominions was 
commenced in the following year, the old topographical sheets being 
re-drawn in the regular standard forms on the one and half inch 
scales and in a style fit for reproduction by photo-zincography. The 
materials were very old, being derived from surveys in the 
early part of the century. Unfortunately though old they are the 
only materials available, no modem survey having been as yet made 
of this enormous expanse of country in Southern India, though 
detached portions here and there have fallen into the field of 
adjoining parties. During the same year (1882-83) an irrigation 

* See Reports in Appendix to Indian Survey Report for 1880-81. 
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map of the North-West Provinces on the scale of eight miles to the 
inch and a rainfall chart of India with eight gradations of coloiir 
were also prepared. The heliogravure process also made steady 
progress, and seven plates were turned oiit, four being for the 
Greological Survey, one outline map of Simla and Jutog, and two 
plates of a view of the great Kan-chan-janga mountain. 

In 1883-84 some of the special maps drawn for the Calcutta 
International Exhibition wore prepared for publication, viz., those 
exhibiting trade routes, distribution of religions, missionary stations, 
density of population, distribution of languages and river basins ; 
the rainfall, railway, and telegraph maps having been already 
published. 

An elaborate plaster of Paris model map, based on the 32-milo 
map of India, showing all the hills as well as the scale would allow, 
was completed for the Colonial and Indian Exhibition of 1886 
by Major Charles Strahan, R..B. The vertical scale was 12 times the 
horizontal, hence the highest jjeaks of the Himalayas were nearly 
two inches high.’’’ In the same year (18(S4) a very successful repro- 
duction of a quarter atlas sheet by the electrotyping process was 
made by Colonel Waterhouse, the, method of scraping away the faulty 
parts from the matrix being suitable whore large corrections on a ])late 
are required and the ordinary mode of cutting out and hammering 
up from behind might seriously damage the jdate. Considerable 
progress was also made in the vaiions jn’oeesses of heliogravure by 
the electrotyping and otcliing methods, and 79 plates (principal 
of photographs of Indian art-woi'ks taken in the Calcutta Exhibitio7i) 
were produced, f 'onsidcrable attention tvas also given to the 
reproduction of maps, and some very successful experiments were 
made in reproducing brush-shaded majis by the photo-etching 
process. AVith suitable original dratvings the heliogravuro processes 
can be made to render immense service in the cheap and speedy 
production of engraved maps. The process of electrotyping was 
also applied to the duplication of the engraved sheets of the Atlas of 
India so as to adapt'them for temporary issue, pending engraving 
of the final results, and good progress was also made with the 
photo-collotype process which was used for plates of coins for the 
Asiatic Society, for botanical plates, and the like. The principal map 
completed in the Lithographic Oflice during the year was a contour 
map of India in' six sheets on the scale of 1 inch to 32 miles. 


* This relief map has since been presented to llic Jinperial Institute. 
I Y 80831. P 
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During 1885-S6 a great deal of drawing and compiling work was 
done for the Indian and Colonial Exhibition in London. A map 
. was prepared showing the import and export trade of India with 
other countries, and a series of maps showing at a glance the 
percentage of various crops grown in different districts of India, 
with other maps showing density of population, religions, emigra- 
tion, external trade, land settlement and revenue, and geology of 
India was also completed. 

In the Lithographic Office a series of maps were prepared for Sir 
E. Buck’s Statistical Atlas of India, and the map of the Nizam’s 
dominions in two sheets on the 16-raile scale referred to above was 
printed off. 

The following year (1886-87) was marked by a great demand for 
maps of Afghanistan and Baluchistan, consequent on the events 
on the Afghan frontier. Compilations from rough military recon- 
naissances in Burma had also to be undertaken. The Engraving 
Office lost the services of Mr. C. W. Coard, the superintendent, who 
had been selected, together with a small staff of engravers, in 1 868 
by Colonel Thuillior, then Surveyor-Greueral, to take up the 
engraving of the Indian Atlas sheets. Mr. (Joard had done excellent 
work during his tenure of office, and had left the engraving 
branch in a high state of efficiency. He was succeeded by 
Mr. G. G. Palmer. 

The work done in the heliogravure and collotype sections was 
more satisfactory in quantity and quality than previously, both 
processes having quite emerged from the expei’imental stage into 
practical methods. A commencement was made in reproducing 
archajological drawings for the use of art schools and also for the 
illustration of the Journal of Indian Art. 

During 1887-88 greater strain was put on the geographical 
drawing and compiling branch in consequence of the necessity 
of preparing general maps of Burma and sheets of the N.W. 
frontier, and it was with difficulty that sufficient material could be 
got ready to keep the engravers employed. To remedy this it 
was arranged that all the N.W. frontier mapping, except 
Baluchistan, should be undertaken at the Trigonometrical Branch 
Office at Dehra Dun, leaving the Burma maps to be dealt with in 
the Calcutta Office. 

One of the principal features of the period under review has been 
the introduction of the heliogravure processes for the direct repro- 
duction of delicate drawings in line or of half-tone subjects of all 
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kinds, and of electrotyping for the duplication and correction of 
hand-engraved maps. 

The first experiments in heliogravure were made, with fair success, 
about 1877 with a photo-electrotype process based on Geymet’s, 
which was originally brought out by Mr. J. W. Swan, the inventor 
of the carbon process. In the following year Captain Waterhouse, 
while in Europe on privilege leave, visited the Military Geographical 
Institute at Vienna, at that time the only large geographical office 
working the process, and obtained a good deal of valuable informa- 
tion regarding it ; but little progress was made till 1882, when he 
introduced a now process for producing “ grain ” on the plates of 
half-tone subjects which he had worked out, with the aid of the 
Autotype Company, while on furlough in 1880-81. In this process 
the wet-gelatine relief is dusted over with sand or some similar 
granular material, previously waterproofed by treatment with a greasy 
substance like wax, so that it might easily be removed from the 
gelatine relief when dry. 'I’lio effect of the sand was to roughen 
the gelatine surface proportionately to the depth of gelatine and so 
produce a graduated grain stronger in the shadows than in the 
lights. The gelatine sui-face was then blachlcaded and electrotyped. 
In this way an engraved mezzotint plate was produced from which 
very perfect half-tone prints could be printed. This process proved 
very valuable for the production of some 3,000 copies of the “ Award 
Certificate” of the Calcutta Exhibition in 1883-84, and several 
plates of illustrations of Indian art-ware in the Exhibition as well 
as of brush shaded maps and drawings were reproduced by it, but 
owing to climatic causes it was always i-ather a difficult process to 
work, and the plates required a good deal of touching up. 

In 1884, with the assistance of a skilful carbon printer, Mr. A. W. 
Turner, experiments were made with the photo-etching process, 
which was on the same principle as the photoglyphic process 
originally invented by Fox Talbot, and which had recently been 
re-introduced with modifications by Herr Kli 9 of Vienna. 

The process was worked out successfully on the bare information 
obtainable from the photographic journals, but further improve- 
ments, learnt at the Military Geographical Institute in Vienna, 
during Colonel Waterhouse’s furlough in 1886, were introduced in 
1887, and since that time the process has been working on a 
perfectly practical footing and is found very valuable for all kinds 
of delicate work in line or half-tone. It has the great advantage 

P 2 
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OTor plioto-collotype, ■which was also worked with somo success at 
Calcutta, that the cojiper ])lates can be worked on and lettered and, 
if ])rotected by a coating of steel, arc capable of yielding an 
unlimited number of equally good impressions, whereas the tender 
gelatine film of the photo-collotype phate will stand no touching up 
or correction, is diflBcult to print under varying conditions of 
temperature and humidity, and at best will only yield a compara- 
tively small number of good impressions, while all lettering has 
usually to be added by a scjiarate printing. Consequently, photo- 
collotype is being discarded in favour of photo-etching. 

The principal applications of the photo-etching process have been 
for the reproduction of some very delicate drawings of insects in 
pencil and Indian ink, for the illustration of the “ Indian Musexxm 
Notes,” also for botanical mid histological plates from the original 
drawings or photographs, illustrating the “ Memoirs by the Medical 
Officers of the Army in India.” A large proportion of the plates, 
illustrating Dr. Fiihrcr's Report on the Sharqi remains at Jaunpur, 
l)oth from photographs and line drawing.s, were done by this process, 
and no other would have answered so well. It is also steadily 
utilised for the reproduction of a series of technical drawings of 
architectural ornaiuents, i^c., taken from the drawings of the 
Archaeological Surveys and issued for the use of art schools and 
workmen of various kinds in all the provinces of India. 

Attempts have been made from time to time to ap|)ly the process 
to the reproduction of brush-shaded maps and by its means enable 
a preliminary issue of the sheets of the Atlas of India to bl; made 
pending the completion of the hill-etching by hand, Avhich is always 
a tedious operation. There are, however, great difiiculties to be 
overcome in reproducing lines and l)rushwork togethe:’, which have 
practically prevented its utilisation in this way, although it is 
always ke])t in view. The process might bo more largely apjdied 
to the reproduction of maps in lino, but the difficulty has been to 
obtain a staft' of highly trained di’aughtsmen capable of turning 
out the original drawings in a sufficiently good style for direct 
engraving. The necessity for constant corrections on the maps 
also militates very greatly against the preparation of highly finished 
drawings capable of competing against hand engravings. The 
process has, however, been successfully applied to the reproduction 
of the maps of the Andaman Islands on the {-inch scale, by reduc- 
tion from the original standard sheets on double the scale, and, no 
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doubt, as time goes on, it will be much more lai'gely employed for 
map work. 

The process of electrotyping was first introduced in connexion 
with the photo-electrotype process of heliogravure about 1882, 
and has proved very valuable in connexion with that, process, and 
also as an economical means of duplicating engraved plates of 
standard maps in various stages of their progress, in order to 
obtain skeleton maps with varying amounts of (h'tail, suitable for 
the illustration of reports and other administrative pui'poses. It 
has also been found very useful in carrying out extensive cor- 
rections on the engraved jdates ; a matrix being made from the 
original plate, the parts in relief corresi)on(ling to the parts to bo 
coiTocted are scra])ed away and a duj)licate nlate is eleetrotyped on 
which the faulty ])arts present a blank fiat space ui)on which the 
new iletails required can l)e engraved. Tlic i)rocc.s.s is scarcely even- 
used, as it is at the Ordnance Survey Office, Southampton, for 
producing ])rinting plah's, as the process of stool-facing which 
enables the original ongraveil ])lates to be printed from without 
injury has been found to bn cheaj)er and more suitable for the 
requirements of the Indian Office. 

The electrotypiug method in use is ])ractically the sanui as was 
practised for many years at the Military Geographical Institute in 
Vienna, and consists of a hoj-i/.ontal single-cell apparatus in Avhich 
an electrical couple is formed by the copj)er platen to bo deposited 
on, Avhich rests on a suitable sup])ort in a bath of sulphate of 
coppe», and an iron plate immersed in dilute sulphuric acid, 
contained in an iqtper tray with a leathern bottom which forms 
a porous diaphragm. These batterit's are found to work with 
regularity and practical economy, being vtiy simjde in working and 
easily looked after by natives. The clecti-otyping work is done 
in the Photographic Offic(v 

Probably the most important cartogi-aphical work of the Calcutta 
Office is the Indian Atlas! d'his groat work is on the scale of four 
miles to the inch ; it is the standard map of India, and embodies the 
results of tho detailed surveys. It is designed to cov(t 181 full 
sheets, 40 inches by 27, on the globular projection and scale 
originally proposed by Mr. Aaron Arrowsmith, and tho region 
embraced extends from Karachi to Singa])ore and from Gilgit to 
Cape Comorin. It also includes Ceylon. Tho original sheets, for 
which the Madras Topograidiical Surveys furnished the materials. 
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wore produced by Mr. John Walker in 1827. In 1864, with a view 
to expedite the work, a })roposal was made by the Surveyor-General 
that the Atlas should b<5 brought out in quarter sheets, and this was 
agreed to by Mr. Walker. The convenience of this mode of publi- 
cation has been universally recognised since and the practice 
uniformly adhered to, the old full sheets being now discontinued. 
In 1868 the engraving of the Indian Atlas was formally transferred 
to Calcutta, and a small but efficient staff of experienced engravers 
under Mr. C. Coard, was engaged by Colonel (now Sir Henry) 
Thuillier, the Surveyor-General. These were reinforced in 1872 by 
fresh hands selected by Colonel J. T. Walker, who at the same 
time made arrangements for the completion of the engraving of 
all the plates remaining in Eiiglaml. Since 1876 the engraving 
has been carried on entirely in Calcutta at the headquarters of the 
Surveyor- General, within easy reach of the compilei’s and sui-veyors, 
to whonr reference is made in cases of doubt or difficulty. 

It must not be supposed, however, that the Indian Atlas, though 
comnu'nced as far back as 1825, is near completion.’^ This arises 

* Tlio followiii" talilo, taken from ('aptain Geor<;e M. Wheeler’s (ll.S. Armv) 
adminibh' report upon the 'L'liird International Oeograpliical Con;^ress nnd Exhiliition 
jit Venice in 1881, will servt* to show how far the European countries had advanced 
in 188o towards the coinidetion of their general topographic maps: — 


Country. 


I 

Area in 
Square Miles. 

! 

Scales. 1 

1 

1 

Number of 
Sheets when 
complete. 

i 

Number j 
conij)]eted. 1 

i 

How 

reproduced.f 

Groat Pritain 


I23,18r, j 

1: 63,360 

696 

412 

C. 

Germany 

- 

208,308 

1:100,000 

674 

417 

G. 

Austro-Hungary 

- 

' 211,553 i 

1 : 75,000 

720 

578 

Hlg. 

Z. 

Franco 

- 

205,976 

1: 50,00U 

1,092 

20t 

,, Algeria 

- 

166,023 

1: .50,000 

327 

23 

z. 

Switzerland 

- 

15,978 

1:100,000 1 

25 

25 

c. 

Holland 

- 

13,740 

1: 50,000 1 

62 1 

62 

s. 

Spain 

- 

193,286 

1 : .50,000 

1,080 

29 

s. 

Italy - 

- 

111,405 

1:100,000 , 

277 

109 

Ph. z. 

Sweden 

- 

173,967 

1:100,000 

232 

64 

C. 

Russia 

- 

2,129,201 

1:126,000 

972^ 

605 

C. 

llelgium 

- 

11,375 

1 : 40,000 


72 

C. 

Denmark (Jutland) 

„ (Islands^ 

:} 

14,788 1 

1 : 40,000 

1 : 80,000 

I 131 

j as 

69 

29 

C. 

C. 






(in quarter 





1 

1 

sheets). 


Norway 

- 

125,646 

1:100,000 ' 

! 54 

43 

C. and S. 

Portugal 

1 

34,418 

1:100,000 1 

i 37 

22 

S. 


t C. Copper engraving ; S. Stone engraving ; Z. Zincography; Ph. z. andPh. L Photo-zincography 
and Photo-lithography ; Hlg. Heliogravure. 

JThis map is intended to supersede the ^tat Major map on the scale of 1 : 80,000 in 273 sheets, 
which was commenced n 1819 and finished in 1881. 

§ Approximate. 
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partly from the magnitude of the scheme whicli embraces the whole 
of Bunna and the Malay peninsulas and partly from the necessity 
of replacing the sheets compiled from old surveys by more accurate 
work as soon as practicable. The last index map shows that nearly 
the whole of India west of Burma has been completed and published, 
the exceptions being Nepal and i)arts of Gujrat and llajputana. 
But the greater part of the Punjab, the Lower Provinces, Madras, 
Haidarabad, the Berars, tlie western part of the Bombay Presidency, 
and Sind are derived from old materials and will have to be 
re-engraved. In fact, the Indian Atlas sheets that are baoed oti 
trustworthy surveys (which consist for the main part of a bi’oad 
bolt running north-west and south-east from the Punjab to Jeypnr 
and the Mahanadi, with the addition of Assam, Kathiawar, and 
the greater part of Outcb) are less }iumerous than those which do 
not come up to the modern standard of accuracy. It will thus be 
seen that there is an enormous area still awaiting the energies of 
the Department both in mapping and field work before even a 
satisfactcuy first survey of India is available. 

The number of sheets according to the original scheme of the 
Indian Atlas was 177, which included the whole of Burma (at that 
time iudo|)ondcnt of the British Crown) right up to, and oven 
beyond, the Salwen river. Events have proved that this precaution 
was a wise one, and that the wide margin allowed in this direction 
was not too liberal. But in the extreme north India has outgrown 
the limits of the Atlas, and three ncAV sheets, 14a, 27a, and 44a 
(to include Chitral, Gilgit, and Baltistan), have been laid down, while 
fresh sheets will probably have to be added for Baluchistan, which 
is now, to all intents and purposes, incorporated into our Emjnre. 
A special arrangement, too, has been sanctioned, by Avhich the 
Indian Atlas is being supplemented by a complete and homo- 
geneous belt of maps illustrating all the transfrontier regions from 
Baluchistan round by way of 'libet to Burma, on the same scale 
as the adjacent Atlas sheets, a most convenient plan in consequence 
of the unavoidable expansion of the Indian Empire. 

The following are the other principal maps in general demand : — 

(1.) India. Scale, 32 miles = 1 inch, in six sheets. 

(2.) India, 64 miles = 1 inch, engraved, in four sheets. 

(3 and 4.) Railway maps of India on 48 and 64 mile scales, photo- 
zincographed with hills in grey. 
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(5.) Turkestan. Scale, 32 inches = 1 mile. Gth edition. Photo- 
ziucographed, in four sheeis. 

(6.) Afghani.stau. Scale, 24 miles = 1 inch. Photo -ziucographed, 
two coloiii’s, in four sheets. 

(7.) Burma and Adjacent Countries. Photo-zincographod. 
Scale, 32 miles = 1 inch. 

(8.) Atlas of India. Scale, 4 miles = 1 inch. Engraved. 

(9.) Provincial maps. Engraved on the scale of 1(5 miles = 
1 inch. 

(10.) Standax’d slioets of the Topogra])hical and Revenixo Surveys 
on various scales from 2 inches = 1 ixiile to 4 miles — 
1 inch. 1 inch — 1 mile is the standiii’d. 

(11.) District maps on various scales, xisually 4 miles == 1 inch. 
Transferi’ed to stone from the engi’avx'd eopixer plates. 

(12.) Himalayan lioute map. Seale, 532 miles = 1 inch. 
Engraved. 

The Trigonoinetiical Ihrotch Oflice, Dchra Dun . — Although the 
three branches of the Sui’vc'y (Trigonometrical, Topographical, and 
Bevenue) were amalgamated iit 1877, it was ncvc'rtholess found 
convenient to maintain the Trigonometrical Survey Office at Dehi’a 
Dun, where important and special woi*k had and still has to be 
transacted. Tlie ])rincipal part of this Avoi’k lias lieon the final 
reduction and publication of the Indian and oxti'a-Tudiau triangula- 
tion, both principal and secondaiy, which Avas eai'i'ied out for years 
under the care of Mr. d. B. N. Hennessey and Mr. W. H. Cole. This 
Department has also had to publish the Topugi'aphical Surveys 
executed by the parties formeily .attached to the Trigonometrical 
Branch, as well as those cai’ricd out by the Forest Suiwey Depart- 
ment. Being located at a considerable distance fiom Calcutta, 
the office has a small drawing, photo-zincograjdiic, and printing 
establishment of its own, as Avell as a dejidtof instiannents xind stores 
attached to it, chiefly of tin* higher class of instruments appertaining 
to the Gi’eat 'Prigonometrical Survey, such as sevoi'al large theodo- 
lites, the compensation bai’S, and ajxparatus for the measui’cment of 
base-lines, &c. Other Avork pertaining to this branch has consisted 
in the determinations of azimuths from celestial observations at many 
of the stations of the triangulation ; the observations of astronomical 
latitudes, the determination of differences of longitude by the aid of 
electric telegraph, and the detenni nation of sea-level at many places 
on the coasts of India, from which main lines of spirit-levelling are 
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run over the country to form a basis for canal, railway, and otbor 
operations. Vol. I. of the general account of tho operations of the 
Great Trigonometrical Survey was completed in 1870. In 1878 and 
1879 Volumes II., III., and IV. were produced, giving a general 
account of the triangulation and its reduction, with full details of 
the North-West Quadrilateral; also Vol. V., giving an account of 
tho Pendulum Operations; this was followed in 1880 by Vol. VI. 
fertile South-East Quadrilatei'al, in 1882 by Volumes VII. and VIll. 
for the North-East (Quadrilateral, in 1883 and 1887 by Volumes IX. 
and X. on the Elcctro-telegi'aphic longitude operations exocutod 
during 1875-77 and 1880-84, and in IsOO by Vol. Xi. on lIio 
Astronomical Observations for Latitude made during the period 
1805 to 188.5, and Vols, XII. and Xill. on the Southern Trigon. 
Of the synoptical volumes — which give a precis of the results, both 
principal and secondary, for topographical and geographical require- 
ments — twenty-three have been jiublished in all. 

In the volume on the Pendulum Operations it is shown that the 
stejis which had been taken to connect the New Observatory, 
the baso-statiou of tho Indian operations, Avith the tlveenwich 
Observatory, which Avas an imjmrtant station of the European 
operations, had not sufliced to effect the desired connexion. 'I'he 
absolute length of a seconds’ jiendulum of the Eater pattern, which 
had been determined at Orcenwich by General Babinc in 1831, Avas 
determined AA-ith the. sanu' pendulum at Kew by Major Heaviside 
in 1873, in tho expectation that this Avould sufBco for the connexion 
of tlfe operations at the two observatories ; ])ut the result gave 
three more vibrations in 24 hours at Kew than at Greenwich, Avhicli 
was highly im])robablo, as it corresponds to a change in latitude 
of about E, Avher(!as the two observatories are nearly in the same 
latitude and only ton miles apart. Golonel Herschel was therefore 
deputed to determine the vibration numl)ers at Kew and Greenwich 
with the invariable ])eudulums Avhich had been used in India. 
He was also authorised to take the itendulum to America and swing 
them at some of the pendulum stations of the United States ('oast 
and Geodetic Surv{'y, with a view to a further connexion Avith the 
Indian operations. He made observations accordingly, employing 
the two Indian pendulums, and a third pendulum of "the same 
pattern which he obtained at the Kew Observatory ; he swung all 
three pendulums at Kew and Gi'eenwich, in Lomlon, and at 
Washington and Hoboken in tho United States. He then made over 
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the three pendulums to officers of the United States Survey, who took 
them round the world and swung them at Auckland, Sydney, Singa- 
pore, Tokio, San Francisco, and finally at Washington. When Colonel 
Herschel’s observations came to be finally reduced, it was found that 
the relation of Kew to Greenwich by one of the pendulums differed 
by more than six vibrations from the values by the two other 
pendulums. Rovisionary swings were therefore made at the two 
observatories, with all three pendulums, by the observatory staff 
at each place. The final result gives the daily vibration number at 
Kew an excess of 0’C4 of a vibration over that at Greenwich. 
General Walker has given an account of Colonel Herschel’s work and 
the revisionary operations at Kew and GreouAvich, Avith an abstract 
of his results and those of the officers of the United States Coast 
and Geodetic Survey at other stations, in the Philosophical 
Transactions, Vol. 181 (1890) A., pp. 537-558. 

At the Dehra office the solar photographs referred to at page 340 
of the Memoir on the Indian Surveys, 2nd edition, were taken under 
the care of an observer, Mr. C. Meins, who had been trained by 
Mr. Norman Lockyer. Mr. Meins died on the 3lst March 1879, 
and nine months later the observations were resumed by Mr. L. H. 
Clarke. The photo-heliograph employed gave 4-inch images of the 
SAin, but by means of an enlarging combination, 8-inch pictures 
Avere obtained, while the definition in no way suffered. In July 1882, 
however, the great photo-heliograph sent out by the Secretary of 
State, and capable of taking 12-iiich pictures of the sun, \yas received, 
and after some difficulty connected with the period of exposure, and 
some delay entailed by the construction of tho necessary rotating 
dome, good and regular pictures wore eventually secured. The 
difference between the amount of invisibility in India and in the 
sunless climate of England is very striking ; in 1880-81 at Dehra Dun 
tho percentage of dark days was 15 ; in 1881-82 it was 10, and in 
1882-83 it was 13, as against 50, which was the average percentage 
of “invisible” days at Greenwich during the same period! The 
8-inch pictures have been continued pari passu with the 12-inch 
photographs, the former being used for the measurement of the 
areas of spots and faculae, while the latter are specially suited for 
the study of the mottling or granular appearances of the normal 
photosphere and structure of the penumbra of the spots. The results 
of tho observations are included by the Astronomer Royal in the 
yearly volumes of the Greenwich observatory. 
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Successive editions of Greneral Walker’s excellent mapof “ Turkestan 
“ and the countries between the British and the Russian dominions 
“ in Asia ” have been produced at the Dohra Bun office, the last 
(7th ed.) having been issued in 1885. At that time the surveys 
in connexion Avith the llusso-Afghan boundary were actually hi 
progress, and since then our geographical knoAvledge of Afghanistan 
and the adjacent regions has been so revolutionised that an entirely 
new map has become necessary. But during the 20 years tliat 
Walker’s map has been in existence it has been invaluable as the 
standard map of that vast and important region between the Caspian 
sea, the Persian gulf, and Tibet. A full and interesting account 
of the circumstances under which it Avas undertaken, and of its 
general construction, Avill be found in the appendix to the Report 
of the Trigonometrical Survey for 1872-73. 

The ncAV map of Afghanistan which Avill, to a great extent, take 
the place of the foregoing, embodies the surveys and reconnaissances 
made by the officers and native surveyors attached to the Afghan 
Boundary Commission. It is in four sheets and on the scale of 
24 miles to the inch, and the Avork of preparation, first under 
Major Core and thou under Colonel Holdicb, has been divided 
between the Calcutta and Dehra offices. Among other cartographical 
Avork that has devolved on the latter branch have been the three 

sheets illustrative of A k’s remarkable explorations in d'ibet,* 

and a tAvo-sheet map of Aixibia and Persia for the use of the Resident 
in the Persian gulf. 

Another important duty devolving on the Dehra Dun branch is that 
of protecting the principal stations of the Great Trigonometrical 
Survey. In 1884-85 the number of these stations was 3,665, and 
their protection involved correspondence and accouut.s with a large 
number of district officers to provide for their repair. 


* See above, pp. 152-7. 
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GEOLOGICAL SURVEY OF INDIA. 


From a geological point of view, India is most conveniently 
regarded as presenting a tlireefold aspect, and tliis is tlie general 
division of the country adopted in the “ Manual of the Geology of 
India,” i.e., into the peninsular area, the extra-peninsular area, and 
the great Indo-Gangetic alluvial plain separating the two. 

When we proceed to distinguish the various foi-niatious. we hud 
that the geology of the conutiy south of the Himalayas ])re.sonts a 
comparatively simple aspect, in that all the rocks are easily 
separated into the following great groups, viz. : — 

6. Alluvial plains. 

5. Hodimontary rocks, of jui’assic, cretaceous, and tertiary ages. 

4. The Deccan basalt, of cretaceous and lower tertiary ago. 

3. The Gendwana system, com])nsing the Indian coal measures, 
and ranging inclusively from the age of the English coal 
measures to that of the Portland and Purbeck bods. 

2. The Vindhyan system, a formation j)eculiar to India, the age 
of which cannot bo guessed, as it has 3dchied no fossils, 
but which is iniraensely older than the Gondwanas. 

1. The archfean or metamor]>hic rocks, such as gneiss and 
crystalline schists with the granite often occurring in them, 
and with some slaty rocks that have ])artially escaped the 
general metamorphism.* 

Long before the establishment of an oiganised geological survey, 
a scries of travellers had frem time to time recorded observations 
of a practical or scientific character on the rocks and minerals of 
India. Foremost among these observers were Dr. Falconer and Sir 
Proby Cautloy, to whom the discovery of the wonderful fossil fauna 

♦ A detailed consideration of these formations does not cointi into ihe jirovince of 
this book. It may be mentioned, however, that an excclle.nt and picturesque general 
account of tlie Geology of India, from the pen of Mr. Medlicott, F.R.S., late Director 
of the Survey, is to be found in Sir Edvvm'd Buck’s Statistical Atlas of luciia, while 
those who desire to pursue their investigations still further should consult the Manual 
of the Geology of India, in 4 vuls. witli map, Calcutta and London fTruhner). 
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of the Siwalik hills was due, a discovery which revealed the 
exfcraordinar 3 ’’ nature of the animal life with which the alluvial 
valleys south of the Jliinalajras once teemed. Another famous 
geologist was Captain _Ncwhold, who made some important 
researches on the later ite of the western coast, the regnr or black 
cotton soil of the south, and the mineral resources of the country, 
while Dr. Carter, of the Ti'dian Nav 3 % in addition to his original 
investigations, collected and classified the recorded observations 
of his predecessors. 

The fii^_geolo^ical map of India was com])iled by Mr. Groenough 
in 1853; and this forms a distinct landmark showing the state of 
our knowledge at that time; but it was not till. 1 '^50 that Lord 
Canning, who took a real interest in geology, placed this branch 
of the survey on a ])roper footing, under the superintendence of 
Dr. Thomas Oldham. 

The excellent work of Dr. Oldham and his ,able assistants are 
described in detail in the publications of th(^ Department, ivhich are 
threefold, viz., the “ Memoirs.” “ Eecords,” and “ l^dmontologia 
Iiidica.” The first-named are the detailed and matured results of 
the investigations in each district, written by the geologist who 
prosecuted the survey. The volumes tire profusely illustrated with 
maps, views, sections, and sketches. The “ Records ” are issued 
(piartcrly, and contain the annual reports and brief abstracts of the 
results of the field work during the previous tJiree months, as well 
as other papers of geuend interest. The “ Paheontologia Indica ” 
contain elaborate illustrations and descriptions of the organic 
remains which are discovered during the progress of the survey. 
A most interesting summary of the labours of the Department up to 
1875 is contained in Chapter XIV. of the “ Memoir on the Indian 
Surveys,” at which period, in spite of the limited stail and the 
inherent difficulties of so vast an undertaking, an area about 
five times as largo as Gieat Britain had been oxaminod and 
reported on. 

The year 1876 was one of special advance in the knowledge of Indian 
formations, for some problems previously unsolved or misunderstood 
in the classification of the great plant-bearing series of rocks known 
as the Gondwana system, the only fossiliferous formation of central 
peninsular India, was at last successfully grappled with by iuAmsti- 
gations and discoveries made by Mr. Hughes and Dr. Feistraantel, 
in the Pranhita valley, and corroborated by the researches of 
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Dr. King in the Godavari delta. An important gap in our knowledge 
of the Sub-Himalayan tertiaries was also filled up by the season’s 
work. Messrs. Medlicott, Theobald, and Tjydekker made an outline 
survey of the broad band of tertiary deposits flanking the Fir 
Panjal in the Jammu territory, thus connecting previous work in 
the Cis Ravi and Trans-Jhelam regions. In the east, in Upper 
Assam, Mr. Mallet completed his survey of the coal fields of the 
Naga hills, which for quality and quantity of the coal, rank as the 
most important of the Indian carboniferous deposits, although 
entirely of tertiary age, possibly even of middle tertiary.* On the 
south-west extension of the Sub-Himalayan series, Mr. Blanford, 
assisted by Mr. Feddon, accomplished a good season’s work on the 
tertiary deposits in Sind. A preliminary sketch of these fonnations 
from the previous season’s field work was published by Mr. Blanford 
in the “ Records ” for 1873 (p. 8). 

Early in 1876, Mr. Blanford made an important trip across the 
desert east of the Indus, through Umarkot and Balmir to Jodhpur, 
and back through Jaisalrner to Rohri. Interesting information was 
thus gained regarding a great area of Western Rajputana, pre- 
viously almost unknown, and of the region traversed by the Arvali 
mountains, a tract believed to be formed entirely of gneissic and 
transition rocks,- the remains of an exceedingly ancicuit mountain 
system or area of s])ecial disturbance. The main difficulty here 
demanding solution is thes occurrence within a moderately large area 
of several strong rock groups, having much mutual resemblance, 
and eac\ independently in natural contact with a fundamental 
gneiss. 

The survey sustained an irreparable loss during 187G in the 
retirement of Dr. Thomas Oldham, F.R.S., the able and eminent 
superintendent, wliose services will be found briefly recorded in the 
Memoir on the Indian Surveys. He was succeeded by Mr. H. B. 
Medlicott. Mr. Tween, the chemist to the survey, also retired, 
^after a service extending over 15 years. 

A first-class medal was awarded for the exhibits of the Geological 
Survey of India at the Oongres International des Sciences 
Geographiques, held at Paris in 1875. 

During 1877 two comparatively new regions were explored by 
Mr. Lydekker and Dr. Ball, respectively, one being the mountains 

* See Part 2 of the Memoirs of the Geological Survey of India, VoL XII. 
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north and south of the Kashmir valley and in the upper basin of 
the Chenab, and the other a wide tract some 30t) miles long between 
the Mahanadi and the lower I’eaches of the Godavari. The former 
was rather difficult ground; the presence of carboniferous strata 
bad long since been observed, as well as the extensive occurrence 
of eruptive rocks ; but the relations of all these to the preponderating 
mass of contiguous unfossiliferous rocks had remained unknown. 
Mr. Lydekker showed that the Kashmir area is a compressed 
synclinal ellipse, on the pattern of the larger features defined by 
Stoliezka in the Tibetan region, but containing, so far as observed, 
no rocks younger than the trias. llegarding the obscure point of 
the relations of the gueissic series, Mr. Lydekker’s view was that the 
Pir Panjal range is on the whole a great folded anticlinal flexure, 
having a cone or axis of gneiss, the whole stratified series on the 
outer (south-west) side being inverted. The Simla region, which 
belongs to the broad area of lower mountains which cast of the 
Sutlej separates the snoAvy range from the ])lains, is made of 
metiunorphic and slaty rochs, in a very irregular and incompre- 
hensible mode of distribution. This region was examined by 
Colonel McMahon, himself an amateur geologist, and his paper is 
published in tiie “ Records.” He shows tliat the massive gneiss 
forming several jiromincnt ridges on the lower mountains must be 
the same as the central gneiss of the main range ; he describes the 
upper memiiers of the slate series to be so related to this gneiss as 
to involve the total overlap of the lower part of the series, and 
therefore complete unconformity' to the gneiss, ])ut subsequent 
metanuorphic action, largely aflecting the slate seru's itself, has so 
obscured the junction as to make the exact definition of it a matter 
of great difficulty. 

The region betAvecn the Mahanadi and the Godavari is a wild, 
hilly country, entirely occu})ied by |)rimitivo tribes and petty 
tributary states. It proved (as indeed had been conjectured) to 
bo occupied by Vindhyan and gneissic rocks. On the coast side 
there is a broad mountainous belt of crystalline rocks, Avith peaks 
exceeding, in some cases, 5,000 feet in elevation. AVest of this is 
an extensive upland also largely formed of gneissic rocks, upon 
which stand two or more scarped plateaux of flatly bedded sand- 
stone, the principal being that of NoAvagarh-Kharial. Further west 
there is the wide expanse of lower ground formed of the shales, 
limestone, and sandstones occupying the plains of Chattisgarh and 
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Upper Mahanadi, and stretching southward to the more elevated 
land about Bnstar. High-level laterite was also found, giving a 
plateau character to the otherwise serrated mountain features. 

Mr. Hackot’s work in Rajputana also ranked as in now ground.* 
Ho carried his observations to some distance south of Ajmir, where 
ho obtained a further section of the metamorphic rocks transitionally 
underlying the Arvali series. 

The recognition of the Karharbari coal measures as a distinguish- 
able horizon in the lower (rondwana series was an interesting step 
in the knowledge of those formations. Dr. Feistrnanters palaeonto- 
logical researches indicate tliat their affinity is I’ather with the 
Talchirs than with the Damudas as hitherto imagined. 

Among the detailed Avork of the year, an intci'esting area of 
the (rondwana formations was completed by Mr. 'Hughes, in 
extension of his jn’evious work in the Wardha valley, the geological 
lines being canned down to the (lodavari at and above Sironcha. 
A practical result of this work was the accurate demarcation of a 
considerable area of po.«sibly productive coal measures in the 
Nizam’s territories about Khairgura and Taudur, and again on 
the Godavari at 8andra])ali. In the former position actual coal 
crops Avere found, and in the latter promising indications of the 
same formation. 

Mr. Foote, during the season, completed his survey of the coastal 
zone of GondAA^ana deposits through the Nellore and Gantur 
districts up to the Kistna river, thus bringing his lines into con- 
nexion with Mr, King’s work in the Godavari district .south of 
Ellore. The deposits Avhich were the .special object of his study 
are very obscurely expo.sed as iiregular j)atches along the margin 
of the crystalline rocks forming the low ground from the base of 
the Eastern Ghhts, and on the east they jiass rapidly under the 
alluvium of the flat seaboard. Mr. Foote has made considerable 
collections of the mixed marine and terrestrial fossils peculiar to 
the Gondwana strata in this position. 

The coal explorations which had been prosecuted for some seasons 
past in the Satpura basin unfortunately proved unsuccessftfl, 
though in some cases the borings were carried to a greater depth 
than anywhere else in India. 

Some observations on underground temperature in these borings 
were instituted by Mr. Medlicott. The lowest depth at which 
successful observations were taken was 370 feet, and the most 
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reliable group of these at Manegaoii gave, below the depth of 
60 feet (throughout which a constant temperature of 81° prevails) 
a very steady rate of increase of 1° Fahrenheit for every 66 feet 
in depth. 

Mr. Wynne was fully occupied in mapping the structural features 
of the tertiary basin between the Salt Kange and the mountains 
to the north, which is often spoken of as the Potwar or Rawalpindi 
plateau. It is on the whole a broad synclinal with many sub- 
ordinate axes of flexure, and the disturbed character of the deposits 
makes their study a matter of great difficulty. The post tei’tiary 
deposits here are of much interest. They are found resting upon 
tilted Siwalik strata at very high levels over the actual river courses, 
so that prodigious denudation must have taken place since they 
were laid down. There is much evidence to suggest that glacial 
action took a direct part in the accumulation of some of those 
de])osits. 

During the working season of 1870-77 Mr. Blanford and 
Mr. Fedden completed the mapping of Sind west of the Indus. 
The former re-examined the Khirthar range from its northei’ii 
termination west of .lacobabad to the neighbourhood of Sehwan ; 
he then re-mapped the cretaceous rocks in the l^aki range south 
of Sehwan, and after completing the geological lines in the Habb 
valley, and marching westward along the coast as far as Sonmiani, 
returned to Calcutta. Mr. Fedden, starting from Karachi, may)pod 
the large tract of country Avest of the Laki range from the neigh- 
bourhood of Sehwan to the sea. an area of nearly 5,000 square 
miles. Large additions were also made to the fossil collections 
previously obtained. So much of the geology of Sind had been 
determined in the two previous seasons that no very important 
addition could be expected. It was,- however, clearly ascertained 
that a band of contemporaneous volcanic rock, from 40 to 90 feet 
thick, intervenes between the base of the Ranikot group (lower 
eocene) and the cretaceous beds, and there can be little doubt that 
this thin lava-flow represents the great mass of the Deccan traps. 

^Mr. W. T. Blanford’s memoir (Vol. XVII., Art. 1) on the 
geology of Western Sind* deals Avith that portion of the province 

♦ The names of the j)roviDec of Sind and of the river called the Indus hy Europeans 
are really identical, and Hindu, Hindustan, and India are all derived from the sames 
source, the letters 8. and H. being interchangeable, 'fhe old name of the Indus is 
Sindhu. There is a Muhaiiiuiadaii story about the nann? of Sind being derived from 
Sindh, the brother of Hindh and son of Noah. 

I V 20321. Q 
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of Sind which lies west of the Indus, and especially the hilly 
portions of the Karachi and Shikarpur colleotorates, together with 
the curious isolated ranges of limestone hills to the east of the 
Indus in Northern Siiid near llohri, and in Southern Sind near 
Ilaidarahad. The examination of the geology of the province was 
a special desideratum as the peninsula of India has had a very 
different geological history from other parts of the country, the 
former having probably been land ever since palmozoic times at 
least, while the cxf.ra- peninsular regions have frequently been 
coA'^ered by sea. Fuller series of marine tertiary beds were knoAvn 
to exist in Sind than elsewhere in India, and other advantages lay 
in the absence of forest which so greatly impedes surveying, and 
in the circumstance that largo collections of fossils from this 
region have been carefully examined and descrilied by European 
paleontologists. Sind is also nearer to Europe than most parts 
of India, and the rocks form tho eastern j)rolongation of a tract 
of tei-tiary beds believed to be continuous Avith the Avell-known 
formations on the shores of tho Mediterranean. 'I'he Khirthar 
group, named from the groat frontier range of hills, comprises 
by far the most conspicuous rock, the massive nummulitic limestone, 
of which fonnation all the higher ranges in Hind consist. The 
sections exposed in the Khirthar range are superb, and afford the 
best epitome of tertiary geology hitherto observed in India. Above 
is found the Nari group, occupying a belt of varying Avidth from 
one to ten miles in breadth throughout tho eastern Hank of the 
Khirthar range; tho loAver beds of this grou]) are mostly yellow 
or brown limestone, Avhilo tho upper series assume the form of 
coar.so, inassiA'c*, thick-bedtied sandstones, attaining in some places 
a thickness oA’er 4,000 feet. Upon the Nari group, almost through- 
out Hind, is found resting a mass of highly fossiliferous lijncstoncs 
and calcareous beds (tho Caj group), easily distinguished from the 
limestones of the older tertiary formations I)y tho absence of 
nummulites, while the highest sub-division of tho Sind tertiary 
series, the Manchhar group, represents in all probability tho well- 
knoAvn Siwaliks of Northern India, consisting of clays, sandstones, 
and conglomerates, and attaining in places a thickness of about 
10,000 feet. WestAvard of the British frontier the Manchhar beds 
die aAvay, and are succeeded by high hills of hard greyish-white 
marls or clays, conspicuous at Eas Malan, Ormara, Basni, Gwadar, 
near Jashk, at the entrance to tho Persian Gulf, and on the Persian 
shores of the gulf itself. Tho headlands of Ras Malan, Ormara, 
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find (Twadar coiiHist of great liorizontal plateaux surrounded by 
olills of wbitisli marl or obiy, find caiipod by dark calcareous grit. 
These I’oiuarkable rocks have been called the Makran group, and 
though the coast of Baluchistan has never been examined 
geologically, thei’e appears a considerable amount of jirobability 
that the marine Makran group may represent the Manchhai’S and 
Siwalikhs on the edge of the Indo-Gangctic phiin. 

The completion of thi' “ Manual of the Geology of India ” was 
the^ principal event in 1878. Though not the first generiil de- 
scription of the Geology of India it ditfereil from most jn'evioiis 
works in the extent of the area described and the amount of 
information. Since the (establishment of the survey in 1851, 
data in the shape of ihitachcd papers and reports had been 
Jiccumulating rapidly, find these were not even confined to the 
official chanmds of publications but had overflowed into the 
journals of viirious scientific societies throughout the world. There 
was thus :ui urgent need of a general view of the existing 
knowledge, and Mr. Medlicott and Mr. Blanf'ord's eilbrts supplu'd 
the want. While the work itself is a joint production, each chapter 
bciirs tli(' initials of its actual Jiuthor. The fii’st two volumes deal 
with the more strictly scientific side ('f Indian Geology, while a 
third volume of ovei' (KK) pages from the pen of Mr. Valentine Ball 
treats of tlu' Economic Geology of the country, its j\l.ineralogy being 
described by Mr. F. 11. Mallet in the fourth am.! last volume. A 
map on the scale of (54 miles to tlu' inch and geologically coloured 
f'ornis a valuable accompaniment to the work. 

During the same year Mr. flacket examined a very large area at 
the northern extremity of the Arvali range, and extending up to tlu' 
dumna at Delhi. 4'hough not abundant in mineral wealth the Arvali 
reirion contains several exten.'-ii e mines, now abandoned, from which 
in bygone times largo (juantitios of coppei* and lead ores have been 
extracted, and a number of small pits or burrows whei'e ores in small 
quantities were found. None of these mines, howevei', were w'orked 
deeper than a few feet belotv the water level on account of the 
difficulty of raising the Avater. Marble is of fi'cquent occurreuco 
among the Arvali rocks, and is extensively quarried in several 
places, the princi})al place being Makrana. It is generally Avhite, 
but coloured marbles arc occasionally mot with, and black maihlo 
in one spot. 
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A description of the previously unsurveyed basins of Palamau 
was given by Mr. Ball in Vol. XV. of the Memoirs. 

Palamau had attention directed to it about 60 years ago, when 
the object was to open out the coal-fields then known to exist, and 
so to obtain a supply of cheap fuel for the steam navigation of the 
Ganges. To meet this demand the Daltonganj field was worked 
by the Bengal Coal Company up to the time of the mutiny, when 
the works were attacked by the rebels and destroyed. • On the 
coinphdioTi of the main canal, the question of connecting the 
Palamau fields with the East Indian railway arose, and an examina- 
tion of the coal and iron ores available became necessary. Mr. Ball 
speaks highly of the coal from the Daltonganj field, which has 
great heating power and is admirably adapted for steam purposes; 
that from the other two fields of the Palamau basin, the Aurunga 
and Hntar, being of oidy average quality. The Aurunga field is, 
however, the only locality where there are iron ores and limestone 
suitable for iron manufacture. 

The llajmahal hills, which are described by Mr. Y. Ball in 
Vol. XIII. of the “ Memoirs ” are of com]jlex geological structure, but 
the mutual relations of the several rock groups within thoir limits 
have supplied a useful key to the geological problems of far distant 
localities. Amongst other notable features in this area are some 
curious oxam])les of radiating columnar tra,p,''" while at least two 
varietie.s of laterite occur. The coal found is inferior to that of 
a large series of Raniganj coal, but it can bo easily woiked, though 
tlie difficulties and cost of transit to rail and rivers render it 
unavailable except to stations in the immediate neighbourlnjod. A 
con.sidei’uble variety of rocks suitable for building purposes exists 
in the Rajmahal hills, while the basaltic traji is capable of affording 
an inexhaustible sujiply of road material. Clays suitable for 
pottery and iron also occur. 

Tho geology of the <listrict of Manbhurn, which lies about 
120 miles west of Calcutta, and of Singhbhum, which is situated 
to the south of Manbhurn, is also described by Mr. V. Ball (in 
Vol. XVill. of the Memoirs). Tho tract abuts on the headlands 
(as they may be called) of the eastern frontier of the rocky and 
elevated country of western Bengal, the headlands themselves being 

lapped round by the Gangetic alluvium, which spreads over Lower 

— .• «<"' — 

♦ Hct illustialion laciu}^ GO, latlcr j«>rl o! Vol. XIU. ot " Aleuioirs of (Joological 
Survey of India.” 
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Bengal. The northern part of the region is occupied by inela- 
iriorphic rocks, which pass across the bonndaries of Manbhnm on 
the north into Birbhinri and Hazarib.agh, on the west and south 
into Lohardaga and Singblmm, and on the east into Bankuva 
and Midnapur, while the southern half is covered by sub-inota- 
morphic rocks, the term adopted by the Geological Hurvoy of India 
for a series which, thoiigh showing distinct signs of nietamorphisiu, 
do so in a much less degree than do the gneissost^ or metamorphic 
rocks proper. The prefix nub refers to the amount of motamorphism, 
not, as might bo supposed, to the position in the gc'ological scale. 
Speaking generally, the siib-metamorphics of Bengal may he said 
to occupy a position in the geological scale roughly corresponding 
to that of the Huronian of Canada or the Cambrian of Rin-o[)e. 

The determination of further obscure points in the great Goudwana 
series occupied the attention of several members of the Geological 
Staff in 1H7S. Dr. King ivas engaged in endeavouring to fix the 
middle Goudwana horizon on the lower Godavari, while, Mr. Hughes 
came across plant fossils of decided upper Goudwana tyjie between 
the Pranhita and Godavari rivers. Early in the season J)r. Eeist- 
mantel visited the tSatpura coal basin to e.xamine on the spot some 
good sections of tlui Gondwaua series. He shows that they belong 
to the horizon of coal-bearing strata ropresentc'd by the Karharbari 
measures in Bengal. And on the western confines of the Peninsula, 
where the Gondivanas become associatcsl with marine strata, 
Mr. Eoddon broke new ground in Kathiawar, of which he surveyed 
abouL),H()() square miles. He speaks very highly of the excellence 
of the sheets of Captain H. Trotter, B.E.’s Topographical Siirvey 
of that province. Tin' country is for the most ])art flat, and the 
rocks consist of Deccan traps ovoilying sandstone in which some 
remains of plants were found. These plants ])rove to be identical 
with those occurring in the uppermost Jurassic or Umia beds of 
Cutch, and it is thus clear that a portion at least of the Cutcli 
Jurassic series extends into northern Kathiawar. The greater part 
of the area examined consists of Jurassic sandstone, the hills being 
of trap, but to the southward, whero the surface is more hilly, the 
traps cover the country. 

In Southern India Mr. Foote took up new ground io the south 
of Ti'ichinoiaa’ a’’ region belongs partly to the Madura, Tanj ore, 
and Trichinopoly districts, and [)artly to the native state of Pudukotai 
or Tondiman. It may be desciibed as a gently undulating inclined 
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plane, risin" very slowly Avoslward from Iho delta of the Oauvery 
or the sea board. It is only on the western part that the surface is 
broken by a few low but stoep hills rising in the gneissic area and 
by the lines of scarp corresponding generally with the western 
boundary of the latoritic formations, which occiqiy by far the 
greater part of the country now nndi'r consideration. The district 
is poor in economic minerals. In the extreme North-western Punjab 
Mr. Wynne made a preliminary oxaminaiion of some now ground in 
Hazara, having lieen jirevented by difficulties on the frontier from 
following the formation of the Salt range across the Indus into 
Banuu as had been pro])ose,d. He madii a useful reconnaissance 
of the ground and defined the limits of the crystalline rocks forming 
the higher mountains. One general inferinicc' was that the gneiss of 
Hazara is much nmver than the central gneiss of the Himalayas. 
Mr. bydekker’s Avork in tlu' N.W. Himalayas was much hindered 
by the famine in Kashmir, so he s|)cnt the season in the mountains 
of liras and Tilail wIuto ho described .“omo im|)ortant sections 
of the sedimentary x’oeks. Colonel McMahon also made some 
iioteAVorthy obscawations in the Central Himalayan districts to the 
north of the Simla region of the LoAver Himalayas, on the relation 
of the limestone and slati; series of the latter range to the cimtral 
gneiss. J\lr. Theobald made, large a.<tditions during the same season 
to the collections of Siwalik fauna, the rcisults of which are recorded 
in Mr. Lydekker’s ])a])ers in the Records and the “ Paheontologia 
Indica.” 

Mr. jMallet Avas dojmted to re[>()i’t n])on some coal sc'ams in Pamri 
Island, which had been rc'ported by the Ciunmissioner of Akyab. 
Mr. Mallet could not foian a favourable oiiiuion of the ])ractical 
value of these measures; the coal is inferior to that of Pengal. and 
the measures arc greatly distuihed and Avould b(> ditlicult to 
Avork. Sjtecimens of a very different coal, a bright jetty lignite, 
were forwarded by the Commissioner from the Baranga islands. 
Mr. Modlicott also made a short tri]) to the JSorth West Provinces 
to serve on a committee appointed for investigating into the causes 
of deterioration of land by roh. or eftioresconce in the Aligarh 
district. His notes Avero juiblished in the rtsport of the committee. 

Two large ])arts of the Palmontologia Indica were issued during 
the year, one by Dr. Peistmautel on the flora of the Jabaljmr group, 
containing 14 plates, and one by Mr. Lydekker on the crania of 
fossil ruminants, containing 18 plates. By order of (xovornment 
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the ])rice of these publications, and that of the ‘‘ Eecords,” were 
lowered. 

During 1878 tlio survey lost Mr. Walter Lindsay Wiilson, wdjo 
(lied on the 23)’d of March 1878. He hail joined the Indian service 
in March 1857, having at that time been for some yeiirs )Seuior 
Geologist on tlie Geological Kurvi'y of Ireland ; the training he had 
there received Avas very marked in the finished neatness of his 
field maps in India. His place Avas taken by Mr. (I L. Griesbach, 
F.G.S., Avho Avas ap])ointed by the Secretary of State in the latter 
part of the same year. 

The great tra,ct of GondAvana rocks, occupying the lower lialf 
of the Godavari A-alley, is conA'enicntly divisildo into t.Avo areas, 
S('])aratod physically by that portion of theKasIcrn Ghats sometimes 
called the Golcoiida range of mountains, and geologically in that 
the upper iliAnsion of this formation is in great part of marine 
origin to the south of the liills, Avhilc there are only river and 
lacusti'ino members of the sorii'S in the iqijier part of the valley. 
The portion below tlie Ghats, or in other Avoi'ds the coastal region 
corresponding to thi' Iowit division of the Godavari district, is 
described by JMr. King in A’ oh XVl. of tlu' “Memoirs.’’ The 
country mainly consists of the deltaic deposits of the Godavari and’ 
the Kistna, rising grailually amid gronjis of small hills up to the 
Kaurkonda-l’apakonda range. It is a ])u//.h‘ hoAV the Goilavari 
river came to cut its Avay doAvn through a 2,000 feet high range of 
crystalline rocks (where the fuanous “ gorge’’ of the Godavari lies), 
Avlu'njt might have deviated and tloAved through the more easily 
worn samlstono to the south-west near .Ash waiaojiet. Avhere the great 
ga]) (crossed by the Kistnai) in the continuity of the Kastern Ghats 
commences. The economic geology of this region is of no great 
importance, though old diamond Avorkings exist in tlii' saudstoni! 
near Muleli, Avest of Bllore. 

In 187b, Mr. King’s researches were pro.secuted among the 
GondAVana rocks in the Pranhita, -Godavari area, and the detailed 
account is contained in Vol. XVlIl. ol the “Memoirs.’ The 
Godavari valley for a considerable length of its loAver course 
traverses a griait area of Goudwana rocks, Avhich connects the 
Nagpur or Kamthi and (diauda fields of these Avith tin* ])atch of the 
same groat formation on the Coromandel coast. The Chanda j’oeks 
extend southward by the Wardha river A'alli'V, and so Avith the 
Pranhita riAmr to its jumdion with the Godavari, AAdience they are 
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continued down tfie valley of the latter river, and it was in the 
following out of this groat series of tlie plant-hearing sandstones 
with the economically interesting coal measures of their Daniuda 
subdivision that this immense traot of wild and poorly populated 
country came to be visited by the survey. The Pratihita-Godavari 
area is thus a narrow strip of Peninsular India, extending from 
about Dhaba or Porsa on the Wai'dha in a 8.S.B. direction to 
wdtliin 40 mill's north of Bllore. With the exception of the bottom 
or floor rocks, namely, the giu'iss or crystalline series, which extends 
far to the eastward and westward, all tlie other formations occur as 
roughly parallel outcrops or bands. It is still practically what 
it has been for ages, the homo of a groat portion of the old 
Pre- Aryan race of Kols or Gonds, and a centre for the huge trains 
of grain- and salt-carrying pack bullocks of the Briujaris, who find 
the region well adapted for their temporary settloniouts and feeding 
grounds. Judging, however, by the ruins of many large forts, 
splendid temples, and groat tanks scattered over part of the country, 
tlio Aryan coiKpierors exercised there a benign and prosjiorous 
SAvay. 

The better knoAvn outcrops of Barakar strata shoAving workal,)le 
coal of any A'alue are in the southern part of the above field, 
at Damerchela, inngala, and to the westAA^ai’d in the tAvo fields of 
KamaAvarara and Singareni.* Iron is obtained fi’oin tlie Ghikiala 
sandstones, and gold in small quantities has been wnshed for, having 
boon found to bo brought down into the Godavari by streams from 
llaidarabad territory. 

An irregularly shaped strip of the Carnatic, including rather more 
than the southern half of the Nollore district and portions of the 
northern edges of those of Madras and North Arcot, was traversed 
by Ml*. W. King and the late Mr. Charles Oldham in 1861, 
Avhile following out the transition rocks of the Cuddapah district. 
Mr. King’s account was Avritten siibsequentlyf and after Mi’. Oldham’s 
death, The region is in the nature of a coastal plain with a more 
or less distinct step or ghat edging an upland, the former being of 
gneiss, covered up in a scattered Avay (more perfectly towards 
the coast) by later formations, while the western hill wall is of 

* A report on the progress and results of borings for coal in the CTodav.-vri valley 
near Damagudeni and Blmdraehalam, by Mr. W. T. Blanford, forms an Apj»endix to 
Vol. XVIII. of tlie “Memoirs.” 

t See “Memoirs,” Vol. XVI. 
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tlio hardest rocks of the transition or Ciiddapali scries. Tiio 
carvinf? out of the great plain and step of mountain wall was 
evidently in the greatest measure the work of marine demidatiom 
though subsequent atmospheric and river degradation and later 
deposits have obliterated most traces of this. An iut(u’esting 
feature observable in this region is a narrow and low sandstone 
ridge, from 40 to 70 feet above sea-level, with a latcritic 
covering running generally north and soutli at from 10 to 
20 miles iidand from the sea shore, and forming an extension of tlie 
Ked Hills of Madras, Pondicherry, Cuddaloi-e, and Samnlcotah 
in the (lodavari district. This plateau ridge marks what may bo 
considered the last permanent upheaval of the Coromandel, but 
the views of the Survey differ as to the ]»oriod Avhen this may 
have taken place, Mr. Foote inclining to dab; the upheaval during 
the human pi'riod, while Mr. King is doubtful whether it can be 
fixed so late. 

The eastern coast from latitude 15^ and northward to Masiilipatam 
is described by Mr. Foote in Vol. XVI. of the “ Memoirs.” The 
topography is simple, consisting as it does of an inclined plane 
sloping gently eastward from the foot of the Eastern Chats to the 
Bay of Bengal, diversified only by scattered hills. Fiscally the area* 
is dividiul between the Kistna and Xelloi-e distiicts. 'Phe geological 
structure is almost as simple as the topograjihical, the western 2)art, 
being occu])ied by a broad band or zone of ancient crystalline rocks 
belonging to the gneissje sciies, the eastern ^lart by marine and 
fluviatilc alluvia, while, the intermediate ))arl, roughly speaking, 
is occupied by a baud of ])a.tches of sedimentary rocks of two ages, both 
older than tlu> alluvial formations. The economic resoui’cos of this 
region arc very small as rc^gaials all the really valuable and inqxu’taut 
minerals; there is a groat deal of good iron ore, but unfortunately 
no coal or mineral fuel accompanies it, while in f he matter of building 
and road materials, the sn2)2)ly, though identiful, is no better than the 
average districts further to the south. 

Mr. Foote’s exhaustive description of the geological features of 
the South Maratha country {i.e., the country which formed the 
southern part of the Maratha empire without reference to the 
distribution of the Maratha people) is published in Vol. XII., 
Part I., of the “ Memoirs.” Although a very large portien of this 
area is inhabited by Kanarese people, who differ very widely in 
appearance and language from their Maratha neighbours, the term 
is a convenient one for the irregular belt stretching from near 



250 


GEOLOGIOAly anaVEY OF INDIA. 


Haidarahad in tlio Deccan to tlie western coast between Ratnagiri 
and Goa. C)f tbe several roclc series found there the gneissic is the 
mostly widely develo])ed, and occurs chiefly in the eastern, southern, 
and south-western parts of tln^ area, while the Deccan trap covers 
very nearly as large an extent of ground in tlie western and northern 
])arts. The iron clay or lateritic beds cover a much smaller area, 
but claim notice on account of their I’omarkable features. 'J'hey 
cap all the highest ridges and peaks in the Kolha])nr and Belgaum 
mountains, I'onderiiig them jicrfoctly table-topjied, and in conse(]ueuce 
favourite sites for old Maratha strongholds and forts. 

In continuation of Mr. Ball’s survey of the Auninga, and ilutarcoal 
fields {sec. ‘‘Memoirs,’’ XV., Parts 1. and IF.), Mr. Gi'iesbach, during 
lcS79, Tnap])ed and described some 900 S(|ua]’e miles of (hmdwana 
rocks in Ramkola between Takapani and the Per river. ’Fhc ground 
is the easternmost prolongation of th.e groat central area of South 
Rewa or the Son, extending westwards to near Katni on the 
Jabalpur railway and south-eastAvards into the iNFahanadi basin to 
near Sambalpm-. Fn Txathiawar, on the soutliern cojitines of tlie 
Arvali metamoi’phic region, Mr. Kedden completed the survey of 
some 1,900 S(piar(' mih's in continuation to the south of his ])rcvious 
season’s work, besides making some prediminary traverses of 
a<ljoiniug ground. Nearly the Avholo area is occu])i('d by the great 
eruptive formation. Ft is mostly stratified, having a, slight inclina- 
tion to the south, but hug<' dykes traverse it in various diri'ctions, 
forming prominent ridges across the low undulating country. Tlie 
isolated centi-al hill forming the sacred peak of Girnar is a mass of 
thoronglily crystalline rock, Avhicli sc(‘ms to be the core of a volc.anic 
focus. Owing to the scattered })osition of the outcrops in a wide- 
spread Avaste of sand, Hacket was enabled to add a A'ery large 
area (more than 10,000 scpiare mile.s) to his previous study of the 
Arvali region, extending to tlie south-west as far as Erinpura. The 
Vindhyau strata were found to cover a large area to the north and 
east of Jodhpur; they everyA\’hore rest flatly uiton the old rocks, 
the gneiss, schists, fclsites, or Alwar quartzites. 

With the aid of the now ma])S of Ivuinaun, Mr. Theobald explored 
the belt of teitiary rocks at the base of the mountains between the 
Ganges and the Kali, in continuation of the Avork done several years 
previously to the west of the Ganges. 

Mr. Wynne, besides making a reconnaissance of the ground far to 
the north botwesm Kohat and Thai on the Kuram, accomplished the 
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survey of the •western extension of the Salt range from the Tndns to 
the oiitskirts of the Siiliman range beyond Shakh Biidin. The 
Salt range iiropor, or eastern section, between tlie Indus and 
.lehlam rivers, had been cxaininefl by Mr. Wynne in 1869-70, Avitli 
the assistance of Dr. W. Waagen, for the iialieontology, Imt the 
report was not ]mblis]iod till 1878, Avhen it appeal'd as Voh XIV. 
of the “ Memoirs,” forming a volume of over 800 jiages. The 
range had long been known as oik' of the most intcnisting and 
important regions in British India, its geological interest being 
enhanced by its highly fossilifcroiis rocks, and its importance chiefly 
derived from its onormons deposits of rock salt. Y(>ars beforci the 
British comiuest of tlie I’uniab, our officers penetrated tliithm- and 
reported on the geology of the region. In making a detailed 
examination, Mr. Wynne had the a,dvantage of the excellent majis 
constructed by (laptain D. (1. Eobinson, E.E., one of tlui best si't of 
ma]).s ever ])roduced in ]ndia.=-= The Halt range oecujiies historic 
ground, one extremity j-osting upon the ancient llydaspes or Jehlam 
riA’^er, the other on the Indus, AAdiile its eastern extension ovimlooks 
the battle field of (’hiliaiiAvala, Avliich is marked l»y a memorial 
obi'lisk built of niaterials taken from the range. Tlu> Alayo mines 
in the eastern plab'au of the range' are probably tlu^ most extensive! 
salt mines in the Avorld, Old chambers oe'-cnr in them up to 
320 fc'ot in A\dekh anel 130 feel in height, besides natural shafts 
formed by rain Avate'r, one of Avhich is 312 feet elee'p. The) olel 
workings had long beem in a dangerous conditiem, and elisastrous 
fallsJ'avc taken place — one in ls7(). When visiteel in 1869-70 the 
position of the) miners A\ms anything but enviable, perched u))ou 
a lofty tripod of slender sticks and picking at a reiof full of fissnrees 
and unsuppejrted for many yarels. The ctAleiur of the) salt is red and 
white, red earthy e)r merely coloureel layers be-ing very numerous 
in some of the lieds. The main mass of the gypsum ove'rlies the 
salt, anel is succeedeel by the jnirjile sandstone and either groups in 
their projier order. I'he Salt range geology is jieculiar anel eliffers 
greatly from that of neighbouring countries, so far as they are 
known, comprising as it docs various consecutive tiaheozoic, 
mesozoic, anel tertiary formations, anel oven including among the 
older rocks a gronj) etf Hilurian age. Nevertheless, there is a 
remarkal^ ilegrce of cemtiuuity preserveel throughout the eleposits. 
The range thus forms a continuous series, embracing alternations 

* See Mr, INInikliaiirs notice of these maps, p. 1121 of ‘‘Mmiioir on tin* Indian 
Surveys,” (2 ikI Edition). 
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of calcareous, caiiiliy, and arenaceous deposits, cliiefly marine, but 
po.ssibly in part of fresh Avater origin — a series comprising thirteen 
main divisions, of which nine are distinctly referable each to one of the 
thirteen principal formations known to geology, and the ages of four 
arc less accurately ascjertained. The development of the whole range 
is not at any place comjjlote, the groups changing along their 
outcrop in thickness if not also in character ; from the fourth to 
the seventh group in ascending order the series extends westwards 
across the Indus. 

For the four years ending 1871 the receipts of the Inland 
Customs Department were Rupees 38,81,440 ])cr annum, and as the 
rate at Avhich the salt is sold at the mines is Rs. 3.1 ])er maund, an 
idea may bo formed of the out-turn. Notwithstanding the enormoiis 
waste tliat goes on, especially in regard to carriage, the salt being 
reduced to I’ough spherical lumps to j)revent the corners being 
I'ubbcd off during its transport in open nettings or hair cloth bags, 
the sup])ly seems practically inexhaustible. Coal is also found in 
the r;mge, the Kalabagh coal or lignite, which is of Jurassic age, 
being the best, as wc'll as petroleum, building and ornamental 
stones, and gypsum. 

The trans-Indus ('xtension of the Salt range is also described by 
Mr. A. B. AVyiine, in Vol. XVll. of the “ Memoirs. ” Its geological 
structure re])oats in a, groat measui'O that of the westeiai portion of 
the Salt range pro]>er, but with some important diffei'cnccs, the 
purple sandstone, for instance, of the latter di.sai)pearing at 
Kalabagh. Kalabagh itself is an interesting place, tvhi^i,, has 
always attracted the attemtion of visitors. It is thus referred to by 
Thorburn, who states that the torvn was devastated by the Indus, 
on the western bank of Avhich it is situated, in 1841 : — 

‘‘The houses lise oik* jibove the other on the hill suh*, nestling close pack(‘d in au 
nbjUKloii of dirt and confn.'^ion nniid the glistening carnal ion -coloured saU of the recks. 
It has a municipality and an old slandiug grievanee : for as (lovernment levies a duty of 
about Hs. \d. on every hundredweight of salt quarrital in the niuge, and at* halftlui town 
is built of salt and on salt, tlu‘ ])eo])lo are tine<l heavily should they attempt to eat their 
houses ; and their cattle, when tla^y loiter hy the, wav in order to lick th(‘ rocks or the 
hous(i walls, are ordonhl lo mov(‘ on by stern-visaged constables whose mud and salt- 
built sentry-boxes are j orched about on every cornmtinding knoll.”* 

Both orographically and geologically the Salt ra.n^eds continued 
through the trans-Indus of the Baunu and Derajat districts to the 
Siiliman mountains, both sections including with many variations 
palaeozoic, mcsozoic, and cainozoic formations. The salt all belongs 


* Bannii,” p. 8, note. 
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to the same horizon as that of tlie Salt range proper, alum also 
occurs and is manufactured from the pyritous shales of the jux’assic 
and eocene formations, but the industry seems to have greatly 
fallen off. 

During 1879 Mr. Lydekker explored a large area of Ladak to the 
east of his previous observations and determined several points 
of interest, while Mr. Griesbach accomplished a very successful 
season’s work in the higher Himalaya of Kumauii and llniides, 
and despite the severity of the climate prevailing at this altitude 
succeeded in mapping the snowy range between the Niti and Milam 
passes. 

The Records for 1879 contained 22 papers of various interest 
with 11 maps and plates, two being articles by contributors 
not attached to the survey ; that on Hangrang and Spiti by Colonel 
McMahon, and that on the old mines at Joga on the Narbada by 
Mr. G. T. Nicholls of the Civil )Service. Four parts of the Pahvon- 
tologia Indica ” were issued during 1879, one by Dr. Feistmantel on 
the flora of the Oondwana outliers on the Madras coast, and another 
by the same author on the flora of the Talchir-Karhai’bari beds, 
one by Mr. Ijydekker on the Reptiliii and Batracliia of Indian 
pretertiary formations, and the first part of the Salt range fossils 
by Dr. Waageu. 

Mr. Richard D, Oldh.im, the son of the founder and successful 
director of the survey, was appointed by the Secretary of State as 
an assistant in the survey, and took u]) duty with Mr. King in the 
Godavari valley. The two xiative apprentices, Jvislien Singh and 
llira T!al, having served their live years of jwobation with sullicient 
credit and having acipiired a serviceable knowledge of rocks and 
minerals, roceivetl, on the recommendation of Mr. Medlicotl, 
permanent promotion as sub; assistants. 

In 1880 Mr. 0. L. Giie.sbach was sent to the Bolan pass and 
Southern Afghanistan to report on the gold near Kandahar ami the 
petroleum traces near 8ibi. The lirst task was, however, much 
impeded (though eventually accomplished) by Ayub Khan’s revolt, 
and Mr. Griesbach had to perfoim military duties for a time, after 
which the rising of the Marris prevented his visiting the petroleum 
locality at all, lying as it does 40 miles east of Sibi. 

Mr. Griesbach is certain that the hills between the Indus plain 
and the Quetta valley are simply a continuation of the Kirthar 
range, already described by Mr. Blanford in his geology of 
Western Sind, while the range of hills which in turn bears the 
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name of Suliman range, Marri hills, Brahuik and Khirthar ranges, 
all form links of one great chain with a uniform geological structure. 
Speaking generally, tho area examined on this occasion by Mr. 
Griesbach can be grouped into three divisions, viz. : — 

1. The Brahuik area of Baluchistan, coinciding with the lime- 

stone facies of the older tertiaries ; 

2. The Pishin valley, with its eastern and western ranges 

(Ghaziaband and Khojak) falling in with tho sandstone and 
shales (flysch) facies of the eocene group ; and, lastly, 

Jk The Kandahar and Shah Maksud ranges are formed of 
cretaceous limestone and eruptive rocks of the same age. 

Of sj)ecial interest are the vast deposits of aerial origin, which not 
only cover (ixtensive tracts of country in the groat deserts of 
llegistan, Seistan, &c., but also encroach rapidly on the more fertile 
])lains of Southern Afghanistan, tho valleys of the Helmand, 
Argandab, the lower Khakrez, < nd the great tracts lying between 
Kandahar and (Juetta. The great deserts are formed of huge 
accumulations of blown sand and other material, among which 
a fine vtensely red clay is oonsjucuous. Soiith of Kandahar this 
loose material, constantly changing its position, is seen to surround 
and eree]) up into the hollows, creeks, and fissiu-es of the jagged 
cliffs of limestone and trap. Every season material is thus added, 
and the time must come when tho whole Kandahar valley will 
bo covered by this deposit and be merged into the cmdless expanse 
of desert to the south. 

Th(‘ gold near Kandahar occurs about three miles north of the city 
in (juartz veins, between the hippuritic limestone and the extensive 
trap outbursts.’" During tlio first months of the British occupation 
the gold was obtained in considerable <iuantities by a native con- 
tractor. who I’cnted tho mine from the Kandahar Government. 
Apparently, the process of extracting the gold with mercury, 
though rude, was paying, but the native workers, being ignorant of 
all engineering science, went on blasting the rock with guujjowder 
and sinking the shaft lower and lower, until the sides fell in and 
buried the miners below. Part of the auriferous vein is still visible, 
and about two inches thick, but Mr. Griesbach was told that it 
thickened lower down to about two feet or more, and some of the 
nuggets of gold obtained were of the size of a man’s fist. He 
considers it highly probable that gold will be found all along tho line 
of trappoid be^s, north and west of the city, but the then disturbed 

* Described also at p. 30 of Bellow’s Seistaa Mission, Calcutta, 187»^* 
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state of the country frustratod any effort on his part to test the 
rocks. Gold is also found and worked in some fasliion in the 
Hazarah country and in various streams of Northern Afghanistan. 

Among other minerals found in Southern Afghanistan may he 
mentioned copper, which is worked in the Shah Maksud range, lead 
and antimony ores, argentiferous galena, and native silver, sulphur, 
petroleum (east of Sihi, since examined and reported on), coal, and 
gypsum. From olden times Kandahar has been celebrated as a 
market where ])recions stones W(u-e sold to the merchants coming 
from Shikarpur, but apparently only varieties of chrysolite and 
chrysotile w'ith some corjiclian are actually found there, both being 
derived from the amygdaloidal variety of the traps. 

Mr. Blanford was ofhcially deputed by the Government of India 
to repi’esent the Indian Geological Survey at the Congress held at 
Bologna in 1881. Tliis Congress had originated in a meotijig of 
geologists of various nations at Buffalo in 1870, who,' in their turn, 
arranged for an .International Geological Congress at Baris in 1878, 
for the purpose of deciding upon rules for the construction of 
geological maps and for geological nomenclature and clas.'iification. 
Out of this second meeting arose the Bologna Congress of 1881, to 
which the questions at issue were referred, and which was sittendcd 
by about 200 members, of whom IBt) wore Italians and 70 foreigners. 
On the whole, it cannot bo said that much was done towards the 
unification of nomenclature, or of the colouring and signs for 
geological maps. It is an obvious drawback to congresses of this 
character that they arc not strictly rc'prosentativc, and that their 
rcsoltdions can have no binding force on absentees or dissentients. 
But it is very profitable to gauge, however tentath^ely, the general 
feeling of an imjtortant scientific body, and to those who have to 
pass most of their lives in remote regions like India, it is of vast 
importance to meet fellow-workers in similar fields and to exchange 
ideas. 

One of the most imjjortant events in 1882 was the proving of the 
new coal field of Umaria,* at the west end of the South ReAva 
Gondwana basin. The actual area of exposed coal measures is 
small (about five scpiare miles) in an angle between the gneissic rocks 
and the great 8]:)read of newer Gondwana sandstone to the noidh- 
east. The outcro]) of cofil had been known for many years, but its 
surface appearance was ixupromising. An extensive field xvas thus 
opened to entcrpi ise, Uinaria being the nearest possible source of 

Noticed by Mr. llu^Iies in the Ilecords ” for 188] (Vol. XIV., Part 4). 
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coal for Ihe North-Western Provinces, and immediately west of the 
immense coal field of Sohagpur, which district is also rich in 
agricultural produce, and the natui'al cntrop6t for the surrounding 
forest tracts, while southwards from Sohagpur lies the least diflScult 
line of communication between northern and southern India, into the 
plains of Cliattisgarh, leading down the Mahanadi valley to Cuttack, 
and up it over the plateau of Bustar to Vizagapatam. Again, an 
opportunity was also offered for successful iron manufacture, there 
being probably no spot in India where such an abundant supply of 
first-class iron ores exists as at Katni, on the East Indian Railway. 
A survey for a line from Katni to the coal field was commenced. 
The Sliapur coal borings in the Satpura region proved unsuccessful, 
but the cretaceous coal field of Darangiri, in the Garo hills, reported 
oj? by Mr. La Touche during the preceding season,* proved good, the 
quantity being very consi<lerab]e and the quality serviceable. 

Mr. Eoote was engaged in Madura and Tinnevelli, principally in 
completing his map of the coast region and joining this work on to 
lir. King’s in Travancore. Mr. Hacket took up work in the wilder 
])arts of the Arvali range in Southern Mewar, but being warned by 
the Political Agent of the hostilitj’ of the Bhil tribes, he employed 
the rest of tln^ season very usefully in examining some iutiicate 
features along the Vindhyan boundary north-east of Neemuch. In 
Kathiawar a large area along the coast region, froui Bhaunagar 
to Madhapur, consisting mostly of trap au<l })ost-tertiary rocks, with 
a ri'iniiant of tertiary beds on the western sea-mai’gin, was examined 
by Mr. Fed den. 

The principal object of Mr. Blanford’s work in the field season 
18SI-82 was to endeavour to trace northward the well-marked series 
of tertiary rocks of Sind, and to follow their continuation if possible 
into the Punjab, whore there is not tbe same clue to classification in 
the presence of marine bods above the eocene. Before taking up 
this work Mr. Blanford was called upon to reimrt again upon tho 
coal deposits to the west of Sibi, so he marched by the Bolan pass 
to Quetta, examining, the coal seams of Mach on the road. From 
Quetta to Hibi ho retiirned by the Harnai route, and visited the 
Sharag coal locality, after which he skirted the western boundary 
of the Bugti hills, and then marched from Jacobabad to Harraud in 
tho Putijab,- through the heart of the Bugti country. From Harrand 
he proceeded northward along the eastern flank of the Suliman 

* “ Records,” Vol. XV., Part 3. 



GEOtOOlOAL SWIVEY OF INDIA. 


257 


range to some distance north of Dera Ghazi Khan, Here a severe 
.attack of fever compelled him to leave and return to England, 
Resides effecting some important alterations in Mr, GriesWh’s 
work about Quetta, one of the results of Mr, Blanford’s work was to 
shoAV that post-eocene marine deposits of Sind do not continue north 
to the Punjab border. It was also found that the main chain of the 
Suliman is composed of hard whitish sandstones, apparently 
cretaceous, overlying limestones and limestone shales, with a few 
fossils belonging to the same system. By this important jiiece of 
reconnaissance the greater portion of the gap between Sind and the 
Punjab was bridged over. Throughout the area no beds of older 
age than cretaceous were observed ; by far the greater portion being 
covered with tertiary deposits, the cretaceous rocks protruding only 
in the neighbourhood of Quetta to the westward and along the 
Suliman range to the eastward. The efforts made to trace a con- 
nexion between the tertiary deposits of Sind and those of the Punjab 
by following the rocks themselves to the northward, were fairly 
successful,- and some interesting fossils, mammalian and molluscan, 
were obtained from Lower Siwalik beds, at localities discovered by 
Captain Vicary nearly 40 years previously in the Bugti hills. 

On the termination of his short leave in England Mr. Griosbach 
obtained permission to visit some places on tho Continent, the 
collections made in j\rmenia by Staalsrath von Abich proving 
especially interesting in their close relationship to some of the 
Himalayan fossils. On his return Mr. Criesbach proceeded to the 
Tibetei’;! frontier, but the cold was so intense as to impede his 
explorations considerably. Mr. Oldham, who accompanied the 
Manipur-Bunna Boundary Commission, made a complete traverse 
of the main range into the great alluvial and tertiary basin of the 
Chindwin river. Ho also marched from Manipur northward into 
the Naga hills, returning by tlie A.ssam valley, the indications 
jiroving that the range is altogether a secondary one, a mere fender 
of the great Malayan crystalline axis. 

During the year two parts of Vol. XIX. of tho “ Memoirs” were 
published, the first being a description, with numerous illustrations, 
of the great Cachar earthquake of tho 10th January 1869, 

The circumstances of this earthquake were observed and noted by 
tho late Dr. Oldham, superintendent of the survey, but the materials 
were not published till 1883, when they were collated and skilfully 
discussed by Mr. R. I). Oldham. The shock, it appears, originally 

1 T 20391. R 
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came on at Silchai* at a quarter to 5 p.m., with a gently undulating 
movement, which, however, rapidly increased until neither men nor 
animals could keep their legs, but were thrown down ; the water in 
tanks and rivers was violently agitated, and the Barak river rose iii 
huge waves and wrecked numbers of boats. The landslips caused 
were numerous and extensive, aud many homesteads were carried 
down into the stream. At Manipur the Political Agent found the 
motion of the ground most violent ; it seemed to rise and fall in 
waves of about three feet in height, and the Raja’s palace as well as 
other houses were ruined, aud there was some loss of life. At 
another place (Kussilong), about 90 miles from Chittagong, a corre- 
spondent reported that “ It burst with ti’emendous force. The 
“ undulations were very severe and lasted nearly two minutes. 
“ It seemed as if some mighty wave were sweeping on under the 
“ earth, and as it passed the solid earth rose and fell with a motion 
“ distinctly visible along the banks of the river and in the hills 
“ beyond. The ground was seen to roll wave-like, the hills to reel, 
“ and the trees to wave to and fro. The spectacle was wonderful 
“ and fearful.” The extreme limits of the area over which the same 
shock or group of shocks was experienced must have exceeded 6.50 
miles from north-west to south-east, and 400 miles in the conjugate 
direction of north-east to south-west. Allowing for those districts 
from which no reports hajipeued to be received, the area affeetod 
must have been fully a quarter of a million of square miles, a 
tolerable index to the vastness of the forces developed. 

Mr. Oldham is of opinion that the shock originated in a^fissure 
above 20 miles long, running underneath an area about tln-ee or four 
miles broad and from 20 to 30 miles long, situated in north latitude 
26° and east longitude 92° 40', on the northern borders of the 
Jamtia hills. The mean depth of the focus was probably about 
30 miles, and the velocity of the wave particle 20 or 30 feet per 
second. The rate of transit could not be satisfactorily determined.* 

The second part of Vol. XIX. of the “ Memoirs ” issued during the 
same year (1882) contained a list of the thermal springs of India, 
compiled by the late Dr. T. Oldham, and brought out by his son. 
The geographical position, latitude and longitude, elevation of the 
locality above sea-level, and the temperature of the water of the 
spring are all given. The list is far completer than the last one 

• A catalogue of Indian earthquakes, from 8.‘J3 A.II. up to 1861), was prc2)ared by 
l>r. Oldham and published in the “ Memoirs,” Vol. XIX. 
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prepared by Mr. 11. Sclilagiiitweit,* containing as it does 301 names 
of springs as against only 90 enumerated by Mr. Soblagintweit. 

Five fasciculi of the Palaiontologia Indica wore brouglit out in 
1882, comprising a description of tlic fossil flora of tlie South Eewa 
basin by Dr. Feistmantel, the Siwalik and Narbada Equidm, being 
Part 3, Vol. II., of the Tertiary Vertebrata Series, by Mr. Lydekker, 
a fasciculus on the Bracliiopoda of the Salt range by Dr. Waagen, 
and two fasciculi on the fossil Echinoidea of Sind by Professor 
Martin Duncan and Mr. Percy Sladcn. 

During the year ISS^.Mi:. -W. T. Blanford was obliged to 
take sick leave to'^Euro]>e, and under medical advice he Avas 
subsequently compelled to retire from the service. He had spent 
27 years in the arduous Avork of the G(!ological Survey, in Avhich 
from the very outset he had taken a leading part. He Avrote 
part of the report on the Talchir coal fields, the first paper in 
the “Memoirs,” which have since extended to twenty-four volumes, 
containing numerous contributions from his pen. Besides his 
regular geological labours, Mr. Blanford has done a A'ast deal 
for the zoology of India, on Avhich ho is the highest authority. 
He was twmo deputed on special missions out of Imlia — with the 
army to Abyssinia, and Avith the Seistan Boundary Commissioners to 
Persia: and published special accounts of his researches in both 
those countries. He Avas tAvico (in 1878 and 1879) elected President 
of the Asiatic Society of Bengal, and so long ago as 1874 ho Avas 
electedj at his first nomination, a FelloAV of the Koyal Society. 
In 187G Dr. Oldham, on retirement, recommended IMr. Blanford as 
his successor as Superintendent of the Geological Survey of India ; 
of this he Avas deprived only by a small matter of .seniority, and in 
•recognition of his high claims Government rewarded him Avith a 
special personal remui\eration above the pay of his appointment. 
Personally, as well as profes.sioually, Mr. Blanford’s departure was 
much regretted by his colleagues and the Government. 

Since Mr. Blanford’s return to England, ho has undertaken the 
editing of the “Fauna of British India,” at the request of the 
Secretary of State, 5| volumes of which have alriiady appeared. 
It is designed to form a complete .«eries of manuals of Indian 
zoology for schools and for students, and Avill bo the standard work 
on the subject. 


• Journal of the Asiatic Society of Bengal, Vol. XXXllI., p. 49, 1864. 
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Of the work achieved during 1883 Mr. Griesbach’s was probably 
the most interesting, dealing as it did with the main Himalayan 
range and its grand formations. He completed the survey of the 
Hundes basin to its western limit on the flanks of the gneissio mass 
of the Porgyal mountain which separates Hundes from Spiti. For 
some important horizons he satisfied himself of the identity of the 
sections in Spiti (as partly determined b}’^ Dr. Stoliezka) and those 
in Hundes. From this region Mr, Griesbach had to hurry late in 
October to join the expedition to the Takht-i-Suliman, on the 
North- Vi’^est frontier.’^' This remarkable peak consists of the 
cretaceous sandstones with limestones described by Mr. Blanford 
as forming the crest of the range 80 miles to the south. f 

In Jaunsar, in the l/ower Himalayas, Mr. Oldham succeeded in 
introducing two nnconforraablo and almost Avholly detached groups 
above the Deoban limestone where a great gap had always existed 
between the tertiaries in the Simla section and the Krol group, for 
which no age later than the trias had been conjectured. Further 
researches into the character of the granitoid gneiss of the 
Himalayas wore made by Colonel McMahon, leading to the con- 
clusion that much of it is intrusive and must properly be called 
giieissoso granite. 

An important contribution to the literature of the year was 
Mr. Lydekker’s volume on the north-west Himalayas (“ Memoirs,” 
Vol. XXII.), the researches in the field for which had been concluded 
two years previously. 

Mr, La Touche was to have taken up the examination of the coal 
field in the Garo hills, his preliminary visit to which was described 
in the “ Kecords,” Vol. XVL, page 164, but instead he was deputed 
to accompany Colonel AVoodthorpe’s party in the exploration of the 
Dehing basin, a region of much interest, as it ju'obably roaches 
beyond the zone of tertiary rocks fi-inging the Upper Assam valley 
and boyonil the range of the Arakan-Manipur axis. Unfortunately 
this plan was interrupted by the Aka raid, the party being diverted 
into that territory and Mr. La Touche with it. The ground is 
Himalayan ground proper not far to the west of the Daphla 
district, visited by Colonel Godwin- Austen in 1865, and probably 
like it in structure. 

The eastern parts of the Madura and Tinncvelli districts were 
examined by Mr. Foote, and a sketch of the geological features of 


* See above, p. 147, 


t “ Memoirs,” Vol. XX„ Fart 2, 
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the region appears in the “ Memoirs,” Vol. XX., Part 1. The districts 
both form part of the tract lying between the water-parting along 
the axis of the Southern Ghtlts and the Bay of Bengal. Along the 
sea-board there runs a belt of sedimentary rocks, and westward a 
great band of crystalline rocks, while the greater part of the low 
country occupied by gneissic rocks in South Madura and North 
Tinnevelly is covered with a widespread deposit of regur or black 
cotton soil. Along the coast from Cape Comorin to the Paumben 
channel a series of marine rocks, generally calcareous grits, forms a 
narrow and broken fringe. This formation was once Avidely 
extended, but has been removed by denudation, while the outliers 
and patches of bods which have been loft testify to the fact that 
since their formation under the sea the country must have under- 
gone an elevation of close upon 2(X) feet, if not more. There is 
evidence of a somewhat similar phenomeuou in an upheaved .coral 
reef on the northern coast of Rameswaram island, between India and 
Ceylon ; and the same cause, in Mr. Foote’s opinion, iqu-aised both 
the island and the mainland. It is difficult to resist the inferenco 
that the same ujdieayal led to the formation of Avliat is knoAvn to 
the Hindus as llama’s bridge, and to Mussulmans and Christians as 
Adam’s bridge, the long narrow isthmus which once united Ceylon 
to India; while to the same action again may be attributed the 
formation of the long line of islets running parallel with the south 
coast of Madura. Jjocal history claims that liameswaram island 
Avas once completely joined to the teri’a firma on both sides, and 
that both the Paumben strait and the otlnu’ passages to the eastward 
wore breached by a trein(md 9 us storm about 1480 A.l). The action' 
of the waves has broken the barrier into largo flat blocks, Avhich so 
strongly resemble a series of gigantic stepping stones that it is easy 
to fall in with the imagination of the author of tho Ramayana, 
which ascribed artifleial construction to the bridge.* 

The two groat groups into Avliich the soils of Tinnevelly and 
Madura are divisible are tho rod and the black, the former being 

* According to tho famous old Hindu epic, tho couslriiction of tho bridge was due 
to tliO industry of the grout ai’iny of luonheys and boars lod hy Haiim jukI Ids long-tailed 
friends, Sugriva and Haniunan, when they proeeedctl to invade Lanka (Ceylon), during 
the war with Kama, the king of demons and tlie abductor of Sita, Kama’s wife. 
Tho engineering part of the umlcrtakirig was specially entrusted to the monkey Nala, 
a sou of Viwakarina, the famous architect. Perhaps tlie upheaval of Kama’s bridge 
may have occurred within the semi-mythical time lueooding some invasion of the 
heretical Buddldst kingdom of Lanka (Ceylon) by the Brabmanical Aryans of the 
mainland and their Dravidiun allies. 
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gonorally tlie product of decomposition in situ of underlying 
ferruginous rocks. A very curious feature connected with this rod 
loamy soil is the enormous number of white-ants’ nests, which are 
■ of a bright red colour, attain a height of five to eight feet, and are 
often so numerous as to affect very strikingly the character of the 
foreground. There is no part of the south of India in which blown 
sands play so large and important a part as in the Tiiinevelly 
district and along the south coast of Madura. They are of two 
kinds — the red sand or teris and the white, which are ordinary sand 
dunes. The former are attributed by Mr. Foote to the action of 
the heavy and continuous gales prevalent (sometimes for four 
months) during the S.W. monsoon on the broad belt of deep red 
loam which skirts the eastern base of the Ghats. It is evident that 
these sands bear a groat resemblance, though on a smaller scale, to 
the red sands of the Ncfild or great desert of Central Arabia 
described by Mr. I’algravc, Lady Anno Blunt, M. Huber, and other 
Arabian travellers. But the origin of the red sands of the Nefud is 
still involved in uncertainty. 

Mr. Mallet’s investigation of the iron ores in the Katni district, 
in north Jabalpur,* showed that all the other conditions for extensive 
iron manufacture wci'c favourable if suitable coal coidd be found. 
Mr. Fedden, by prolonging the season’s work well into the hot 
weather, was enabled to complete his survey of Kathiawar. 
The area is principally occupied by Dcccan trap, of which it was 
not desirable to attempt a detailed survey throughout, so the work 
lay principally in tertiary or post-tertiary deposits of the /ioustal 
region, with some secondary rocks on the north-east margin. 

Five parts of the “ Memoii’s ” were published during the year. 
Part 3 of Volume XIX. contained the catalogue of Indian earthquakes 
mentioned above (page 258, note), and Part 4 Mr. Oldham’s account 
of his examination of an area of about 1,800 square miles to the east 
and in the north (if the valley of Manipur, with the neighbouring Naga 
hills. This country is densely covered with vegetation, and for whole 
days one may march without seeing a single rock, while the want 
of population or else savages of doubtful temperament offered great 
impediments to Mr. Oldham’s researches. Geologically, the region 
has no groat feature of interest, and the economic minerals are 
poor. 


• “Becordi,” Vol. XV., Part 2. 
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The other volumes issued during the year (XX. and XXII.) 
contain the memoirs by Messrs. Blaiiford, Foote, and Lydekker, 
already rofcn-ed to. 

The Records for the year (Vol. XVI.) embrace 24 articles of varied 
interest with numerous maps and plates. Of the “ Palasoiitologia 
Indica,” a full part containing a large section of the Brachiopoda 
of the productus limestone of the Salt range;, by Dr. Waagen, was 
published ; also a part on the tertiary Echinoidea of Each and 
Kathiawar, by Dr. Duncan. ]\lr. Mallet issued a descriptive catalogue 
of the systematic series of minerals in the museum, and a guide to 
the economic mineral products, giving a very instructive account of 
each class of substance, its use and distribution. 

With the co- 0 ])cratiou of Mr. H. F. Blanford, the Meteorological 
Reporter to the Government of India, some simple scismometric 
instruments were sot up at Silchar, Sibsagar, and Shillong, forming 
a group for the determination of centres of earth disturbance in 
Assam. 

During the year two able members of the Department retired. 
Mr. Wynne, who had left India on nu'dical certificate in 1880, had, 
after several extensions of sick leave, to bo finally invalided in 188.3. 
lie had joined the Indian Service in 1862, having already had 
several years’ geological ex]tcricnce in Ireland. In India some 
choice fields of work fell to him, such as (hitch and the Salt range, 
excellent ilhistratcd descri])tions of which have apjieared in the 
“Memoirs.” Mr. Lydekker, the other retiring member, had had a 
shorii but a very busy career. He joined the Survey in 1874, and 
as soon as the collections were moved to the now museum and 
amalgamated with those of the Asiatic Society of Bengal, he under- 
took the arrangement and descrii)tioii of the extensive series of 
tertiary vertebrate fossils, largo additions to which were made by 
Mr. Theobald in the Punjab. Mr. I^ydekker’s description of the 
Siwalik fauna in the “ Palmontologia Indica ” will form an enduring 
record of his zeal and ability. 

During the same year two new assistants joined the Survey, 
Mr. E. J. .Tones, A.S.R.M., and Mr. 0. S. Middlemiss, B.A. (Cantab). 

The Kamul cave explorations commenced by Mr. Foote, and 
continued by his son Lieut. H. B. Foote, B.A., proved to be on the 
whole encouraging, a lai’ge number of bones were secured, some of 
animals that do not now inhabit the region, some human remains 
and articles of human manufacture, the latter at the considerable 
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depth of IG feet, hot nothing to show that the caves had ever been 
used as dwellings or as a place of sepulture. Mr. Foote was also 
called upon to explore for coal along an intended line of railway 
between Ilaidarabad and the Kistna. Between Bezvada and the 
Siugaroni coal field, and from the latter to Haidarabad, the country 
proved to be all of gneissic rocks, but Mr. Foote’s labours were 
rewarded by the discovery of a strong lode of rich iron close to the 
Singareni coal field. 

Dr. King’s survey of tlie coal fields on the north-east confines of 
Chattisgarh was described in the “ Records ” (Vol. XVII., Part 3). 
In South Rowa regular mining e.xplorations of the TJmaria coal 
field had been commenced under Mr. Hughes’s direction in 1883, 
and the shafts proved so satisfactoxy that steps were taken to 
establish a collioiy there with a branch railway fi’om Katni to 
Jabalpur. Mr. Hughe.s also managed to complete the examination 
of the southern coal fields of the Rewa Gondwana basin, the total 
area of exposed measures proved to be no less than 1,800 square 
miles. 

Ml’. Bose took up new ground in the basin of the upper 
Mahanadi, but the results were not deemed satisfactory by Mr. 
Medlicott, who indeed referred prominently to this as an additional 
proof of the imsuitableness of natives of India for the faculty of 
independent research and critical observation required to make a 
good geologist. Mr. Medlicott adds that the Geological Survey is 
about the only branch of the public service in which natives could 
not as yet reasonably find employment. ^ , 

Mr. Oldham submitted full progi’oss reports of his xvork in the 
Himalayan region, embracing a section from the jdains to the base 
of the main range ; his detailed conclusions are summax’ised under 
nine different heads in Mr. Medlicott’s report. Mr. Griosbach was, 
unfortunately, taken seriously ill at Kohat, after the expedition to 
Takhl-i-Suliinan, but after recovering his strength, at Simla he 
was appointed to accompany the Afghan Boundary Commission in 
the capacity of geologist. The results of the Takht-i-Suliman 
observations were published in the “ Records” (Vol. XVII., Part 4), 
and the same volume contains Mr. ]\fallet’s examination of ores 
from the Andaman islands. 

Early in the season Mr.- La Touche accompanied the expedition 
into the Aka hills, north of Tezpur, in Assam. The dense vegeta- 
tion prevented any observation of the rocks except in the stream 
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courses. The section was found to correspond with that observed in 
the Daphla hills to the east by Colonel Godwin Austen, and 
with that described by Mr. Mallet in the Bhutan Duars to the 
west. Inside the tertiary zone there is a belt of carboniferous 
Damuda strata bordering the schistose rocks of the higher hills. 
Here too, as elsewhere, along the foot of the Himalayas, the coal 
is so crushed as to be unserviceable. Later on Mr. La Touche 
examined the Longrin coal field on the south-west edge of the Garo 
hills. Hi-! report, which is published with a map in Vol. XVII. of 
the “ Records,” Part 3, shows that the field offers an abundant supply 
of very fair coal easily accessible on the very borders of the plain of 
Sylhet. 

In connexion with the record of Indian geological progress, men- 
tion may bo here made of a very instructive discussion of geological 
homotaxis given by Mr. W. T. Blanford in his address as 
President to the Geological Section of the British Association on 
tlie occasion of their meeting at Montreal. Being mainly illustrated 
from Indian geology the paper was reprinted in the “ Records.” 
Mr. Blanford is inclined to modify Professor Huxley’s statement 
that “ for anything that geology or palaeontology is able to show 
“ to the contrary, a Devonian fauna and flora in the British Islands 
“ inay have been contemporaneous with Silurian life in North 
“ America, and with a cai'bonifcrous fauna and flora in Africa.”* 
Granting such conditions to be possible for a terrestrial fauna or 
flora, Mr. Blanford considers that the marine fauna would give 
a much nearer approximation to synchrony. Mr. Oldham also 
dealt Anth the same subject in the Journal of the Asiatic Society of 
Bengal for 18S-1< (Part II., p. 187), and illustrated from Indian 
paleontology the great discrepancies in correlations of time from 
fossil evidence. He also endeavoured to establish synchi’onous 
relations of distant formations through the evidence of periods of 
glaciation, and arrived at the conclusion that in early secondary 
times the crust of the earth did not occupy the same position with 
respect to the axis of rotation as it does now. 

Two memoirs were published in 1884, Mr. Bose’s on the Lower 
Narbada valley between Nimawar and Kawant, and Mr. Fedden’s 
on Kathiawar, each with a map. They form Parts 1 and 2 of Vol. 
XXI. In the “ Palaeontologia Indica,” five j)arts of Series X., the 
Indian Tertiary and Post Tertiary Vertebrata by Mr. Lydekker, 
were published during the year, forming a very valuable addition to 

• Quart. Jouro. Geol. 8oc., Vol. XVJII., p. xlvi. 
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that branch of the Sui’voy publications. Dr. Waagen also furnished 
two parts (Nos. 3 and 4) of the Brachiopoda of the Productus 
Limestone, and a huge fasciculus of Series XIY., with 18 
admii’ably executed plates descriptive of the tertiary and upper 
cretaceous fossils of Sind, was issued from the pen of Professor 
Martin Duncan. 

Some interesting contributions of ores, rocks, and other 
geological specimens wore made to the museum from the Inter- 
national Exhibition held in Calcutta, the ])rincipal presentations 
being made by the Ministers for Mines in New South Wales and 
Victoria, and the Tasmanian Commissioners. 

During 1885 Mr. R. D. Oldham took a trip to Aus ti'alia to enable 
him to study the Gondwana rocks of that region, and his memo- 
randum on the correlation of the Indian and Australian coal-bearing 
beds is published in Vol. XIX., Part 1, of the “ Records.” Dr. King 
was chiefly engaged in directing the practical exploration of the 
Rampur coal field, which is the southern portion of the Raigarh 
and Hingir basin, formerly surveyed by Mr. Ball in 1876, but 
unfortunately the coal has proved uniformly bad in quality. 

During 1884-85 Mr. Foote was able to take up his survey in the 
Bollary district, from which he had boon called away in the 
previous season to search for coal in the gneiss of ilaidarabad. The 
Sandur hills to the west of Bellary were the principal objects of 
investigation ; they are formed by one of the bands of transition 
rocks that traverse the peninsula with a N.N.W. trend, and are all 
remnants of a once widespread formation which Mr. Foote now 
unites and distinguishes as the Dharwar series, and shows' to bo 
unconformable to the gneiss with which it has been intimately 
associated by complete folding together. In the Sandur hills 
there occur masses of rich haematite. Mr. Foote made a careful 
examination of the well-known diamond lield at Wadjra Karur, to 
which special interest attached on account of mining operations 
started there by Messrs. Orr and Sons of Madras. But in spito of 
the occurrence of a peculiar trappean rock, declared to bo identical 
with the famous diamond matrix of Kimberley, no speck of the 
gem was discovered. Mr. Hacket covered a large area (some 
3,000 square miles) of now ground in Mewar, in continuation of 
his previous work to the north. It is entirely composed of the 
same obscure rocks — the schist limestones and quartzites of the 
Arvali system in transitional relation with gneiss and granite masses. 
Mount Abu is a mass of coarse highly felspathic gneiss. 
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Mr. Grieshacli conti’ibuted to tho February number of the 
“ Records ” a small instalment of liis observations with the Afghan 
Boundary Commission. The southern route taken to Herat crossed 
the continuation of the tertiary and cretaceous formation previously 
described by him at and west of Kandahar (“ Memoirs,” XVIII., 1), 
the hippuritic limestone being very prominent with copious intrusions 
of basic trap and syenitic granite. In the axial range of the Siah 
Koh and Doshakh, south of the Herat valley, palmozoic rocks make 
their first appearance, as represented by a cai’boniferous Productus 
limestone, dipping northwards towards the Hari Rud valley. Tho 
Paropamisus range, north of tho valley, seems to bo largely made 
up of a groat plant-bearing series which Mr. Griosbach provisionally 
parallels with tho Indian Gondwana system, conjecturing that it 
overlies tho carboniferous productus-limestone. In notes of a 
year’s later date, published in the “ Records,” Mr. Griesbach adheres 
to this general rock sequence, and describes its distribution in tho 
Binalat and other ranges of eastern Khorasan. 

The result of Mr. Oldham’s observations in the Andamans is 
published, with a map, in the “ Records,” and gives generally the 
classification and distribution of the rocks, Avith a digest of all 
previous explorations. Mr. La Touche was again despatched from 
the Garo hills to take advantage of the topographical exploration 
party to the head waters of the Dehing* on the extreme east frontier 
of Assam. In that region the conditions are very unfavourable for 
geological obsoi’vatious on account of the dense vegetation. It has, 
however, been ascertained that tho whole iqiper valh'yof the Dobing 
is occu|)ied.by tertiary deposits, chiefly sandstones, Avhilo the actual 
crest of the ridges to nortli and cast arc of cry.stallino rocks. Un- 
fortunately, Mr. La Touche did not accompany the officers who 
crossed the water-shed, consequently the o}iportunity of extending 
the geological observations into the valley of the north-west branch 
of the Irawadi. A good season’s work was done by Mr. Jones in 
mapping the whole area hitherto known as the Pench coal field, and 
for some distance to the west in tho direction of the Shahpur coal 
field, on the south side of the Satpura Gondwana basin. The field 
is, however, remote and inaccessible. Further light was shed on the 
geology of the Lower Himalayan region, where the absence of fossil 
guidance has always proved a perplexity, by the discovery by 


* >See p. 79. 
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Mr. Middlemiss of some fossils east of the Tal river. He ascribes 
the normal position of this Tal group as above the massive limestone 
and thus next below the nummulitic band. Mr. Middlemiss also 
investigated the circumstances of the Bengal earthquake, and 
secured some good observations in positions favourable for ascer- 
taining the focus of the shock. The Kashmir earthquake, which 
was reported on by Mr. Jones, was far more difficult to investigate 
critically, owing to the rough mode of construction of the native 
houses, the heavy earthen roofs having simply collapsed between 
crumbling walls, leaving little trace of direction. The same cause 
also made it most disastrous in respect of loss of life. 

Dr. Feistmantel, the permanent Palaeontologist of the Survey, 
resigned his appointment at the tennination of his two years’ 
furlough, having aecepted a professorship at Prague. In his three 
volumes on the Gondwan§ Jlora this learned and energetic officer 
has cleared up many difficulties connected with the principal rock 
system of India, and supplied a standard for future work in that 
branch of palasoutology. 

The work of the Survey had necessarily suffered from the absence 
of a j)al{eontologist, but, nevertheless, the eo-operation of savants 
enabled some important papers to be issued during the year. The 
fossil Kchinoidea from the Gaj or miocone series of Sind wore 
described by Professor Martin Duncan and Mr. Percy Sladen, and 
two instalments of Dr. Waagen’s work on the Salt range fossils were 
also published. Mr. Lydekker also brought out two parts of the 
“ Palaeontologia Indica,” <lealing with Indian Pretertiary Vertobrata, 
and a third part (No. (5 of Sei’ies X., on the Siwalik and Narbada 
Chelonia) devoted to tertiary and post-tertiary vertebrata. 

During 1886 Mr. Foote, whose work had been confined to the 
Madras Presidency during the two previous seasons, mapped a con- 
siderable area, in extension of his previous work in Bellary, both of 
gneiss and of his Dharwar schistose series. The researches of 
Mr. Foote’s son. Lieutenant H. Foote, R.A., in the Karmil cava, 
lesulted in the discovery of very interesting fauna, which has 
l)een described by Mr. Lydekker in the “ Palaeontologia Indica,” A 
large number of the species, according to this authority, are now 
either totally extinct or not living in India, and are not newer than 
l)leistocene. They display numerous affinities with African type s, 
a feature previously noted regarding the tertiary Siwalik fauna 
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of India. Dr. King’s regular work in the hills west of the Chattis- 
garh plains was necessarily interrupted by his having to superintend 
the coal explorations in the fields far to the east, which, however, 
did not promise a fair supply of fuel. In the remote hill country, 
far to the north of Korba, a large new coal field was traced out by 
Sub-assistant Hira Lai ; it is the western extension of the measures 
noticed some years ago by Mr. Ball at their eastern extremity as the 
Lakanpur field. Mr. Hughes’ deputation in charge of the Umaria 
colliery was followed by his examination of the rocks above the coal 
measures, in which he found some now localities for fossils. 
Mr. Jones’s work during the season of 188(5 was the completion of 
the survey cf the southern coal field of the Satpura (Jondwana 
basin. There are altogether 11 separate areas where the coal 
measures group is exposed, seven of them being in the Chindwara 
district, w'hile four adjoining areas in the Betul district were mapped 
and described some years ago.* The quality of the coal, as ascer- 
tained from outcrop samples, was not very encouraging, and during 
the two seasons’ work no recognisable fossils were found. Mr. 
Hacket’s operations in Eajputana were eonfined to the older rocks, 
the Arvalis and the Vindhyans, to the west of which, in the more or less 
desert country of Jaisalmer, the existence of fossiliferous limestones 
has been known for many years. Mr. Oldham was deputed to 
explore in 1880 the noi'thern extension of the Jurassic strata towards 
Bikanir, for the purpose of seeing whether he could fix upon a 
Talchir bed, which all over India forms the base of the Gondwana 
coal measures. Mr. La Touche made good progress with his work in 
the Garo hills, and his notes appeared in the “ Records ” (Vol. XX.) ; 
and Mr. Middlemiss investigated an obscure point presented by the 
discovery of a long ellipse of cry.stallinc schists surrounded by a 
narrow fringe of newer strata, immediately east of the Ganges and 
at the edge of the lower Himalayan region just inside the fringing 
zone of sub-IIimalayau rocks. 

On the 1st November Mr. Griosbach rotuimed to India with the 
Afghan Boundary Commission not much the worse for his two years’ 
wanderings. His notes appear in the “ Records.” The geology of the 
Herat valley is shortly described in Vol. XYIII., Part 1. Afghan 
and Persian field notes, dealing with Eastern Khorasan and the 
Herat province, are contained in Vol. XIX., Part 1, while a very 


* « Records," G. S. I., VIII., 1875. 
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full anti valuable sketcli of the geology of Afghan Turkistan appears 
in Part 4 of the same volume. The fourth or concluding batch of 
notes treats of the return march of the Commission from Turkistan 
over the Hindu Kush and through Kabul to India. 

In the little known region of Grilgit, Astor, and Baltistan, and the 
country beyond, the observations made by Dr. Gr. M. Griles, though 
not those of a professed geologist, supplied some valuable informa- 
tion about a largo area from the Pamir through Wakhan and 
eastern Badaklislian across the Hindu Kush at its supposed roots, 
and back througli Chitral and Yasin. The whole of the large area 
presented apparently an extension of the conditions known in 
Baltistan ; no trace of a fossiliferous rock was seen ; crystalline and 
schistose rocks greatly preponderated, with only a few less altered 
slaty specimens. Thi’onghout the eastern and central part of the 
area an east-west strike was very constant, while on the west side, 
i.e., on what is rc'prescnted as the axis of the Hindu Kush, the 
prevailing strike of the rocks was north to south, though often 
irregular. There remains a belt of unknown ground (over 150 miles) 
between Charikar and Chitral to which peculiar interest attaches, 
both from a geological and geographical point of view. 

Several parts of the “ Palyeontologia Indica” came to a natural 
close with the end of the year, Mr. hydokker, avIio has earned much 
reputation in that branch, having pretty well cleared off all the fossil 
vertebrata, though of course further collections have since been made. 
With the fasciculus on the Echinoidca of the Makran series of the 
Baluchistan and Persian Gulf coasts Professor 1*. Martin Duncan 
completed a portly volume, forming Vol. 1. of Series XIV., the 
“ Tertiary and Upper Cretaceous Fauna of AVestern India.” Dr. 
Waagen made good progress with his important volume on the fossils 
of the productus-limcstono of the Salt range, one part (the 
Coolenterata) being issued in 1886. 

The year 1887 was marked by the retirement, on the 27th of 
April, of Mr. H. B. Medlicott, M.A., F.R.S., F.G.S., after a con- 
tinuous service of over 30 years in India. Mr. Medlicott became 
Superintendent (a title afterwards altered to Director) after the 
..retirement of the late Dr. T. Oldham in 1870, and the admirable and 
efficient manner in which he conducted the responsible duties of the 
Department is amply borne out by the official records of the Survey. 
In collaboration with Mr. AV. T. Blanford, then Senior Deputy 
Superintendent, he produced the first and second parts of the 
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Manual of ilio Geology of India,” since out of print. Besides his 
part in tlie Manual, Mr. Medlicott wrote five of tlio memoirs of tlio 
Geological Survey of India, wliicli are works on special formations 
or districts ; but his peculiar genius for conducting the Survey and 
for treating the multifarious (piestions Avhich came before him is 
more specially displayed in the “ Kecords,” to which ho contributed 
no fewer than 44 papers in all.* His long and valuable services 
were thus acknowledged by the Government, on the receipt of his 
last annual report : — 

‘‘As this is the hist occasion on which the annufil report will he snhinitteil hy yon, 
the Government of India de.sir(;s to take the opportunity of placing on record its 
appreciation of your long and valuable .services, and to recognise the zealous nianiK'r 
in wliich you havt^ discharged the duties of siiperinleudeiice nud dinuitiou, and the 
ih'votediiess with which you have .supported the cause of Geological vScieiice in India. 
I am to add that the marked advance wliich has hecii made in the iuvt'.^tigation of the 


* The complete list of hi.s non-ofHcial writings, as far as ascertain aide, is a.s 
follows : — 

‘•On the Geology of I'ortraine, county of Dublin.” — Jour. l)ul>. (icol. Soe., V. 2Go, 
I80O-53. 

“On the Sub-Iliinalayaii rocks between the Ganges and the tlumna.” — J. A. S. B., 
XXX., 22. 

“Note relating to Siwalik Fauna.” — J. A. S. ]>., XXXIV., pt. 2, 03. 

“On the action of the Ganges.” — P. A. S. !>., 1808, 232. 

“Oil a cidt from the os.^iferous ‘Pliocene’ dejiusits of the Narbada valley.” — 
P. A, S. B., 1873, 13S. 

“ Ilecord of the Khairpur Meteorite of 23rd Sept. 1873.” — J. A. S. B., XLIJL, 
pt. 2 3.1 

“Exhibition of a Meteorite from Kaipur.” — P. A. S. B., 1870, 115. 

“ Exbibiiion of Meteorites recently fallen in India, with remarks upon them.” — 
P. A. S. B., 1876, 221. 

“ Remarks on Himalayan Glaciation.” P. A. S. B., 1877, 3. 

“Note on Mr. J. F. Campbeirs remarks on Himalayan Glaciation.” — J. A. 8. B., 
XLVL, pt. 2, 11. 

“ J^xbibition of the new Geological IMap of India.” — P. A. 8. B., 1878, 124. 

“Exhibition of .‘^ome Geological specimens from Afghanistan.” — P. A. 8. B., 
1880, 3. 

“ Exhibition of a specimen of rock-salt from the Chakinuni Territory.” — P. A. 8. B., 
1880, 123. 

“Note on Chloromelanite.” — P. A. S. B., 1883, 80. 

“Note on the Rch efllorescenco of North-Western India, and on the waters of some 
of the rivers and canals.” 

“Lithological Nomenclature.” — Gcol. Mag. IV., 83, 1867. 

“The Alps and the Himalayas: a Geological comparisoii.” — Quar. J. Geol. Soc., 
XXIIL, 323, 1867 ; XXIV., 31, 1868; Phil. Mag., XXXIV., 390, 1807. 

“ On faults in Strata.” — Geol. Mag. VI., 341, 1869, VII., 473, 1870, 



272 


GBOLOGICAL SUBVEY OF INDIA. 


Geological couclitiono of India during your tenure of office is most creditable to your 
self, and that it hi undoubtedly leading to the development of the mineral resources 
of the empire, well as the material extension of scientific knowledge/’ 

On Dr. King taking ayer the directorship in April 1887. -from 
Mr, Medlfcott, be found the staff of the Survey still below the 
normal number. The distribution over the vast area of the Indian 
Empire was as follows : — 

Mr. Foote on special deputation to the Mysore Government. 

Mr. Mallet, Museum and Laboratory. 

Mr. Hughes, special deputation with the Deccan Company, 
Hyderabad, 

Mr. Fedden, Vizagapatam. 

Mr. Hacket, Rajputana. 

Mr. Griesbach, just returned from the Afghan Boundary 
Commission. 

Mr. Oldham, Salt range. 

Mr. Bose, Chattisgarh. 

Mr. La Touche, Assam, 

Mr. Middlemiss, Himalayas. 

Mr. Jones, Upper Burma. 

Two of the vacancies were subsequently filled up by the ajijioint- 
ment of Dr. Fritz Noetling (Berlin University) as Palaeontologist, 
and of Mr. Philip Lake (Cantab.) as assistant superintendent ; on 
the other hand, Mr. Hughes’s engagement with the Deccan Company 
continued until May 1888, and Mr. Griesbach was deputed for two 
years to Afghanistan as geologist to the Amir of that country. 
Mr. La Touche was also selected for work under the Kashmir 
Goveniment, The.-e various calls from Native administrations were 
of course in the nature of distinction ; noverthelesB, they formed an 
intomqjtion to the regular work of the Survey. Mr. Foote’s study 
of the auriferous veins of Mysore re.sultcd in a lengthy and valuable 
report, founded on a rapid tour through the province. Mr. Fedden, 
who was transferred to the Madras Presidency at the end of 1880, 
took up work in the Vizagapatam district, with the endeavour to 
fill in the large unsurvoyed gap between the Godavari and the 
Ganjam (iistricts in the Northern Circar, and ho had been going on 
steadily with his work when he suddenly died at Vizagapatam on 
the 27th December 1887. He was one of the oldest and most valued 
members of the Department, and had only just attained the long 
looked-for promotion to the let grade. 
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Dr. King’s executive "work closed with his boring experiences in 
the Chattisgarh coal fields, one tract in which, near Korha, yielded 
workable coal of good quality. The credit of the find was due to 
Sub-assistant Hira Lai. Mr. Hacket continued his researches in 
Eajputana, and Mr. Middlemiss steadily and energetically pursued 
his proper work in the lower Himalayas about British Garhwal and 
Kuinaun, the results of which are given in a series of papers in the 
“ Records.” 

On the application of the Kashmir Government for a geologist to 
report on the sapphires in Zanskar, Mr. La Touche was detached 
from his recess work in Assam. He was able to work for a month 
at the spot which lies just below the snow line, and took the 
advantage to examine the Jammu coal, originally discovered by 
Mr. Mcdlicott, on which ho was inclined to look hopefully. Mr. E. 
J. Jones was fully occujucd until the end of the season in examining 
the principal coal fields in Upper Burma as well as the metalliferous 
mines in the Shan hills, reports on which appeared iii the “ Records.” 
Another work by Mr. Jones claiming notice was the 24th volume of 
the memoirs “ Southern Coal Fields of the Satpura Gondwana 
basin.” Mr. R. Lydekker’s description of the “ Eocene Cholonia 
from the “ Salt range ”* was issued during the year, as well as 
Mr. Mallet’s Part IV., “ Mineralogy,” of the “ Manual of the 
Geology of India,” a very fitting complement of that important 
and useful work. 

The, Madras gold-bearing rocks occupied Mr. Foote during the 
wholp of 1888, and his observations thereon were published in the 
“ Records ” with a map showing the localities of gold occurrence in the 
presidency. The area over which these bands of transition rocks 
occur in Southern India is enormous, extending N.N.iy. and S.S.E. 
over 192 miles, while the number of spots in this huge tract which 
have been mined in past times by a so far unknown people is very 
remarkable. The story of the struggles and ultimate success of the 
Kolar mines, w'hich occur in the easternmost part of the Dharwar 
rooks, is well known, and Dr. King favours the conclusion that other 
gold fields of equal, if not superior, richness to these are still lying 
fallow. The Singareni coal field was successfully exploited by 
Mr. Hughes ; the area proved greater than that of the Umaria estate 
and the Karharbaii field ; the coal was good steam coal with little 


• In Series X,, Vol. IV., Part III., of the “ Palffiontologia Indica.” 
I Yaossi. S 
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Or ])o clinker, and containing only the average amount of ash, while 
the entire series of the measures is within the easy reach of the 
suiface. 

Mr. Lake was deputed to work out the geology of the west coast 
in the long strip of country between Cochin and Karwar. One 
noteworthy discovciy made was that of an oil shale among the 
atnita underlying Calicut, indicating a possible relation with the oil 
traced in the Alleppi mud bank and the smooth waters adjacent. 
Mr. Bose was commissioned to make a thorough examination of the 
Gosalpur manganese ores in tlio Central Provinces. He estimated 
the total (piaiitity of pyrolusite (manganese ores) at about 50,000 
tons in addition to about 20,000 tons from neighbouring deposits, a 
supply which may bo described as practically inexhaustible. Mr. 
Bose subsequently resumed work in Balaghat among the transition 
and Viudliyan rocks, while Babu Kislien Singh investigated the 
limits of the Deccan trap in the ChindAvara district, after which he 
joined Mr. Bose in tlic study of the more intricate l)ut economically 
important, rocks of Balaghat. Mr. ITacket was unfortunately unable 
to extend his observations sufficiently to the westward of Jodhpur 
to touch on the GondAvana.s. His work lay west of Momit Abu and 
the Arvabs, but partly from the increasingly comjJicatcd associa- 
tion of the very altered rocks in that region, and partly fi'om failing 
health which necessitated Ids retirement from the service, but little 
progress was made towards a solution of the geology of the region. 
Mr. Oldham procured six'cimens of flexible sandstoiui, a very ]ieculiar 
decomposition-form of certain (juartzitos belonging to the tT’ansition 
series occurring at Kaliana in the Jhind >Stalc, tor Avhich trequent 
inquiry had been made both from Europe and America. 

ItoneAved search for materials re(iuired for the development of 
the iron industry at the Barakar (Bengal) works Avas prosecuted by 
Mr. Jones, and further progress was made by Babu llira Lai in 
mapping tlio oxteiisivo coal tracts of the western ]>ortion of Chota 
Nagpnr. Portions of the Rainpur, Hirgujah, and Jjakhanpur coal 
fields and of the adjacent area wore described; all the coal outcrops 
were examined and recorded, and assays Avei’e made of sAjch seams 
as Avere thought worth trying, some of them giving very fair 
results. Attempts were also made to test the capabi]iti(;s of two 
of ttio coal fields of the Rajmahal hills, but tbe results Avero not 
thoroughly conolusivo. On this point Dr. King remarks tliat 
skilled and experienced miners are rare in India, while boring plant 
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is almost equally difficult to obtain. Tlio best ])]au for 'coping Avitb 
these difficulties, ho suggests, is to vest the conduct of those 
operations iu the hands of tbe Gc'ological Burvey, who would ari'ango 
for sets of boring and mining plant to bo stored at a convenient 
centre, the actual duties being entrusted to a mining manager with 
a small staff of subordinates, selected in some cases from young 
men trained in an engineering school like Sibpur (’ollege. By this 
moans mining questions would be settled more (piiekly and econo- 
mically, and a class of trained reliable men w'Ould be gradually 
formed in India ready to fill the many ])osts now filled by I'ighly 
paid men imported from England or the Continent. 

Dr. King paid a visit to Baluchistan and the Sind frontier to 
inspect the coal outcrops and oil resources in those parts. At 
Khost on the Bind-Pishin Eailway thin seams of tertiary cotd wore 
being worked at the outci'ops a mile or so behind the station, but 
in face of the very fitful coidinuity of the coal and the extremely 
unstable charjictcr of tin; beds tibove and below, lu'Cessitating a. costly 
mode of holding up tlic workings. Dr. King Jccommended a elnso 
stratigraphical survey t)f the valfi-y before further e.xtension of the 
o])erations. As to ]ietroI(!nni, that brought to the snrftteo Ity 
Mr. 11. A. Townsend at Ivhatan gave good promise, and Dr. King 
says there are other likely loctdities among certain htinds of the 
tertiary rocks. 

During tho year Mr. La Touche’s dc|mtafion with the Kashmir 
Durbar came to a elo.so; be h.ad not only gi^ en A’alnabie iiiformiitiou 
regaf'ding the stipphii'e rocks in tho Zatisktir district, but also on 
the Jammu coal anti tbe ironworks tind ores notir tho vilhigo of 
Soap in tho Kashmir valley. On his return ihrongh ]\Iurree he .also 
furnished a report on tho water supjdy of the station. 

Owing to tho demand for latest information respecting tho 
geological structure of the Himalayas, and to tho fact that there 
had been no general review of our knowledge tliereof since the 
publication of tbe “ Manual,” Mr. Oldham put forw ard a valuable 
rpaper in the “ Records ” on tho sequence and coiTelation of the [)rc- 
tertiary sedimentary formation of tho Simla region of tlie Low'cr 
Himalayas. A later ])aper of his on the geology of the JSoi'th- 
Westeru Himalayas gives further ob.'^ervations in Spiti, Jj.adak, and 
Kashmir. Mr. Middlcmiss also contrihiitcd a furthc}- pujjop 
(No. III.) on tho study of tho crystalline and metamorpliic rocks 
of tho Lower Himalayas, Gai’hwal, and Kumaun. 

S 2 
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Mr. E. A. Townsend, superintendent of petroleum works in 
Baluchistan, was deputed during the rains to look up the oil 
indications in the neighbourhood of the Naga hills, the geo- 
logical relations of which had already been dealt with in the 
papers of Messrs. Medlicott and Mallet. Mr. Townsend’s report 
on Makum was very encouraging. The oil fields of Yenang-gyung, 
Thayetmyo, and other places in Burma were examined by 
Dr. Noetling, though this involved of course the temporary stoppage 
of his proper work as palaeontologist of the Survey. He also 
recognised Silurian rocks in the Shan lulls, with the limestones of 
which is associated a very important and extensive band of iron 
ore, and his expedition to the ruby limestone tracts of Madya and 
Kya-whyat yielded some satisfactory information. Mr. Hughes on 
rejoining the Survey was also posted to Burma. In connexion with 
his researches there ho made a special visit to the mines of Perak, 
after which he investigated the tin ores of Tenassorim. 

The publications of the year comprised IG papers (five of which 
were of considerable economic interest) in the “ Records,” a very 
useful bibliography of Indian geology compiled by Mr. Oldham, 
and the concluding part of the “ Productus Limestone Fossils of the 
Salt Range,” by Dr. Waagen. 

At the International Geological Congress held in London in 
September 1888, the Indian Survey was represented by Mr. Medlicott 
and Mr. W. T. Blanford, while Mr. Oldham also availed himself 
of a brief term of privilege leave to exhibit there specimens of 
interest from India. Mr. Blanford had also been officially d(!putod 
by the Government of India to represent the Indian Survey at the 
Congress in Bologna in 1881 {see page 255), and at Berlin in 1885. 

In 1889 Mr. Foote examined the auriferous tract around 
Chiggateri, and considered it well worthy of being systematically 
prospected. He also investigated the economic geology of the 
Sandur State, where are great beds of bajmatitic iron ore, aflfording 
a practically inexhaustible supply of iron. The only difficulty in 
the way appears to be the scarcity of fuel in the immediate neigh- 
bourhood. On the southward slope of the western range of the 
Sandur hills, Mr. Foote discovered an important argillite formation 
very rich in nodular oxide of manganese or pyrolusito, capable of 
being easily mined by open workings on a large scale. Mr. Lake 
surveyed a considerable tract extending over some 1,000 square 
miles in South Malabar, but was unable to complete the blank still 
existing here in the geological map, as he was then transferred to 
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Baluchistan to explore for coal and oil. At the close of the working 
season, and just as the S.W. monsoon was bursting on the coast, 
Mr. Lake was deputed to Alloppi to study the action of the famous 
mud banks there.* 

The (jiiestion of utilising the clays and coals occurring in tho 
neighbourhood of Jabalpur for pottery works has claimed attention 
for years past, and Mr. Mallet made an exhaustive examination 
which led to the satisfactory result of works being started at 
Jabalpur by Messrs. Burn and Co. of Calcutta. f Mr. Mallet also 
made an interesting series of experiments on steatite from various 
parts of India. This was in response to a demand preferred by the 
Secretary of State, and the tests applied proved that the product of 
the Karnul district of Madras was the most likely to compete 
successfully with the costly material now imported from Germany, 
Dr. King considers that if steps Avere taken to work quarries the 
prospect of this new industry Avould be very hopeful. 

The development of the gold industry in Madras has led to 
attention being turned to Chota Nagpur, Avhichfrom time immemorial 
has been known for its native gold washings and occasional finds of 
decided fragments of gold, and a syndicate has been formed to work, 
the neighbourhood of Sonapet. Geological reports on the subject 
already exist from the pen of Mr. V. Ball, but Dr. Noetling hag 
submitted a rei)ortJ containing some further information. 

In Extra-peninsular India Mr. E, J. Jones took up a further 
examination of the outcrops of coal in the Sharigh valley, and came 
to the conclusion that tho Khost seam is still tho one which can be 
relied upon for fuel for that section of tho frontier railway. 
Mr. R. D. Oldham has been investigating the coal and oil condition 
of the tract traversed by the railway, a task Avhich has for the 
present delayed the publication of liis work in the Uehra and Simla 
portion of the Lower Himalayas. Mr. La Touche was engaged on 
more detailed reports on tho coal fields of the Khasia and Jaintia 
hills, and at the conclusion of the working season he was attached 
to the Lushai column of tho Chin-Lushai expedition, which investi- 
gated the wild and obscure intermediate country between Chittagong 
and Upper Burma. 

* A full account of these banks and of the literature of the subject has been written 
by Dr. King, and will be found in the ‘‘ Kccords of tho Geological Survey of India,” 
Vol. XVII., pp. 14-27. 

f Mr. Mallet’s report appeared in the ‘‘ llecords” for May 1889. 

X See “ Records ” for 1890, Part II. 
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Tho invostigatiou and working of tin in Tenasserim continued 
in tlio hfinds of Mr. Hughes, and towards the end of tho year a 
professional staff of Enro])oan8 and Chinese miners were obtained 
from the Straits Settlements. The conditions of tin mining in the 
Mergui district are fully set forth in Mr. Hughes’s paper in the 
“ Records ” for August lSfi9. 

in Up[)(}r Burma much was done by Dr. Nootling in the 
rather ra])id ex])h)rations which he had to make in regions known 
for coal, oil, iron, and precious stones; while so engaged ho was 
also oni[»h)yed in fi'amiug suggestions for the Government for a 
code of mineral concessions and leases. His most important works 
were reports on the Ycnan-gyung oil fields and Chiudwin coal field. 

In July Mr. Griesbucli returned to India after his tour of 
deputation to tho Amir of Afghanistan. During his journeys in the 
previous year up tlio Logar valley to tho Khurd Kabul valley, 
Upper Wardak, Cherkh, Kharwar, Zauakhan, Ghazni, &c,, tho most 
interesting geological rvork was the recognition of at least three 
horizons, the rluotic with lithodondi’on (in Kharwar), the upper- 
juras.sic (or possibly noocoiuian) plant beds near the Shutargiirdan, 
and finally, wcll-d(‘\'elnpod nummiditics in Kharwar and Shilghar. 
He examined the copper lodes of the Logar and Khurd Kabul areas, 
tho magnesite of tho Logar and entrance to the Tangi Wardak, tho 
graphite of Cherkh, tlu' iron and load ores of Kharwar, and the 
argentiferous lead ore of Zanakhan near Ghazni. It turns out also 
that tho entire Surkhab valley from near Doab-i-Mekhyari to near 
Dahaua Iskar is practically one big coal field with numerous -thiok 
scams of good coal of tilassio and rhmtic age. 

Dr. Waagen’s further contribution on tho Salt rango fossils in 
Pai't I., Vol. IV. (Geologicrd Results), was issued at the close of 
the year. Several important modifications in the classifications 
originally adopted have become necessary, owing to very interesting 
discussions of fossils by Dr, Warth, tho last and most remarkable 
of these discoveries, that of trilobitos, having been announced by 
Dr. King, in tho Records for 1889, p. 153. 

During 1890 Mr. Foote, tho only officer of the Survey left to 
carry on tho woi’k in Southern India, completed tho examination 
of the southern half of the Bollary district, in quest of the auriferous 
condition of the Dharwar series. The auriferous indications were, 
however, not worthy of particular notice, though considerable 
additions were made to the existing knowledge of the occurrences 
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of iron ore in tLo Dharwars. During tlie construction of tto 
Bengal-Nagpur Railway, a seam of coal ivas struck in the founda- 
tion of a bridge on the lb river, in the CJentral Provinces; but the 
coal proved to bo not of much bettor quality than tliat already 
known in the field, though its uniformity and thickness were all 
in its favour. In the Bengal Presidency the Daltonganj coal field 
became the scene of fresh boring operations, while Mr. Bose 
explored the coal area south of Kalimpong, in the Darjoeding district. 
As a rule, the coal is very high dipjiiiig and much crushed, while 
faults are numerous; thus the working of it will bo very difficult 
and precarious. Tlie (luality of tlu! coal is, however, good, and a 
groat part of it can be coked. In Baluchistan, Mr. Oldham added 
very consi<lerabiy to our knowledge of the coal, oil, and water 
resotirccs in British Baluchislan, and a special report on the niont 
favourable sites for petroleum explorations in the ITarnai district 
was ])ublished in the i\Iay numb(;r of the Records. A ln)])eful 
specinten of mineral oil was obtained from the Bherani country, and 
Mr. Oldham was omiblcd to visit the spot dining the late Zhob 
Valley expedition in ISoveinber last. The oil is clear, linqud, of a 
pale yellow colour, ami isMies from a band of liard unfossilifi.'i’ous 
sandstone, near Mogulkot, perfectly fi'oo from water. iMr. Oldliam’s 
gcnoi'al conclusions ai'o that there can be no doubt, of the existoiice 
of oil of excellent quality and great value in the district, but that it 
would bo jnvmatui'e to undertake any expensive operations at 
present. Exploration for coal in the Baluchistan region has been 
prosecyted in the Bolan valley and in the hills cast and .south-east 
of Quetta. The be.st coal, as regards both (piantity and quality, is 
found in the Zarakhu valley. 

The elucidation of certain obscure points in the geological history 
and structure of the flalt j’ango was left to Mr. Middlenii.ss, who was 
seconded by Mr. Datta ; the former also examined the coal tract in 
the Hazara country. Tin exploitation is still being carried on in 
Tenasserim under Mr. Hughes, but under considerable disadvantages 
in the way of climate and insnlliciont moans of communication. 
Dr. Noetling ha.s been engaged in directing the demarcation of the 
oil-bearing tracts in the Magivo, Mingyan, and Pakoku districts, 
and in smweying the coal fields, ruby, and tourmaline mines in the 
Shan States. 

A a may be inferred from the foregoing, the larger and more 
important results in 1890 were in economic research. Still geological 
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investigation has not been allowed to stand still, and some advance 
has been made in Baluchistan, the Punjab, and Burma, by Mr. 
Oldham, Mr. Middlcmiss, and Dr. Noetling. A discovery of fossils 
in a series of limestones on the outskirts of the Shan plateau, east 
of Mandalay, which he had already noticed as bearing a very strong 
resemblance to certain limestones of the lower Silurian system of 
Sweden and Western Russia is pronounced by Dr. King to be of the 
grearest geological interest and importance as indicating that a 
branch or arm of the Arctic portion of the ocean by which the lower 
Silurian bods were deposited, reached at least to 22° N. lat. of the_ 
Indo-Chinese peninsula ; it is even likely that it extended still 
further to the south, as the limestone beds of the Shan hills are 
again met in Tenasserim. 

Mr. Griesbach was engaged until October 1890 on his Memoir on 
the Geology of the Central Himalayas, which will bo issued very 
shortly ; and has since been attached in the capacity of geologist to 
the Miranzai Expedition. 

During the same year (1890) the usual volume of the “ Records,” 
consisting of 23 papers, has been issued ; of these, 12 bear on 
industrial or economic subjects. V ol.^XXlll. also contains the second 
part (Madras and the North-West Provinces) of the Prbvisional Index 
of the local distribution of important minerals, miscellaneous 
minerals, gem stones, and quarry stones in the Indian Empire, which 
has been much sought after. 

One memoir was published, forming Part 2 of Volume XXIV. 
In this, Mr. Middlcmiss lias contributed much imw research to the 
physical geology of the Sub-Himalaya of Garhwal and Kumaun. 
The remafterbio speculation arising out of a sudden develop- 
ment of interest in the auriferous comlitions of the Chota Nagpur 
Province has created a great demand for those publications of 
the survey which contain even a slight reference to the geology 
of that region, and as a conscquonco, Vol. XVIII., Part 2, of the 
Memoirs, and several jmrts of the volumes of the records Ere now 
out of print. 

A complete and detailed index to all the papers published in the 
first 20 volumes of tlie Records has been 'prepared during the past 
• year, and issued quite recently. This publication will prove of the 
greatest use to those desiring to consult the detailed papers on 
Indian geological topics. A “ Bibliography of Indian Geology,” or 
list of books published up to the end of 1887, has also been 
published by Mr. R. D* Oldham. 
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The tracts throughout the Indian Empire still awaiting geological 
examination are of very large extent. In India proper, south of the 
Himalayas, an ai’ea of about one-fourth is represented on the latest 
“state of progress” map of the Geological Survey as having been 
“ mapped, reported on, and published.” It is true that throughout 
a considerable area thus represented, the topographical maps used 
as a basis for geological surveying were very imperfetit, and conse- 
quently a more detailed survey may hereafter bo necessary. But, 
on the other hand, most of the tracts, such as coal fields, demanding 
close mapping, have been completed, and an enormous area is occupied 
by the alluvial deposits of the Indo-Gangetic plain and by the 
Deccan trap, neither of which, so far as is known at present, 
requires to be surveyed in detail. The remainder of tlie unsurveyod 
area is occupied to a great extent by gnoissoso rocks, the examina- 
tion of which has been postponed partly because of the rarity 
amongst them of useful minerals, ])artly because of the great 
difficulties presented by thorn. 

It is very difficult to form a trustworthy comparative estimate of 
the work that remains to be done before the geological mapping of 
the Indian Peninsula Can bo regarded as fairly complete, but 
probably about half the work of actual mapping remains to be 
done. 

In the Punjab, Kashmir, and Sind, the progress has been greater, 
though much of the work (as has been shown in the case of the 
Salt range) will need revision. Baluchistan is almost untouched. The 
North* western Himalayas cannot be rogardeilas miarly half finished, 
and of course the range cast of Gaihwal is, with the exception of 
a few sections, chiefly in the lower ranges, geologically unknown. 
Of the countries east of the Bay of Bengal, some portions of the 
Assam hills and the province of Pegu, Avith the southern part of 
Arakan, have been surveyed, all the remainder of Burma, including 
besides Upper Burma, Martaban, and Tenasserim, together with 
the enormous tract of country between Burma, the Assam valley, 
and Eastern Bengal, is unsurveyed. 

Roughly, it may bo said that west of the meridian of Calcutta, 
the mapping is half finished or nearly so ; oast of the meridian of 
Calcutta only a very small proportion of the area, certaiTily not 
more than one-sixth, has been geologically surveyed. A large 
amount of exploration and of reporting upon useful minerals has 



282 


GEOIOGICAL SUBVEY OF INDIA, 


been carried out, but mucb of this reporting, which delays the 
regular work of the survey, and at present appears to have com- 
pletely stopped it, is necessary because tho survey has not been 
extended to the areas on which reports are inquired.* 

There is still great uncertainty as to tho total annual yield or 
out-turn of tho different kinds of minerals in India. With a 
view to the improvement of our existing knowledge, a valuable 
index of tho local distribution of important minerals, miscellaneous 
minerals, gem stone.s, and quarry stones in India, has been prepared 
by Dr. King. The primary object of the list was to help tlm local 
authorities in drawing up the returns for an annual statement, 
shoAving tho quantities and value of mineral products in British India, 
which should bo published in tho “ IMining and Mineral Statistics of 
the United Kingdom ’’ of Gi’eat Britain and Ireland. The products 
themselves arc grouped by Dr. King under the folloAving headings : 
Important Minerals, including coal, iron ores, gold, ])etroleuTn, and 
salt; Miscellaneous il/mera/s, including alum, antimony ores, arsenical 
minerals, asbestos, bismuth and cobalt oi’os, borax, chrome ores, 
copper ores, corundum, gypsum, lead OJ'es, magnesia minerals, 
manganese ores, mica natron, nitre, ochres, i)hosi)liates, platinum, 
plumbago, soapstone, soda, salts, sulphur, tin ores, z/mc ores ; (Jem 
Stones, including amber, beryl, diamond, gariud, jade and jadeito 
quartz, &c., rubellito, ruby, sap])]iiro, spimd, and Q.ua.cnj Stones, 
including clays, granite (gneiss, &c.), lateritc, limestone (marbles, 
kunkar, &c.), slate, and trap. 


♦ I am indebted to ]\Ir. II. 15. Medlicott and Mr. W. Dlanford, the two greatest 
autlioritifjs in this country on the subject of Indian geology, for the above statement 
respecting tho geological work that still remains to be done. 
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INDIAN METEOROLOGY. 


Tho Lidian Meteorological Department was officially established 
by tho Order of the Government of India, in tho Department of 
Rovonne, Agriculture, and Commerce;, No. 50 of tho 27th 
Se])tembor 1875. A few months before that, Mr. 11. F. Rlanford, 
F.R.S , the Roi)ortor and head of the Department, had made a tour 
tlirough I3(;rar, tho Central and tho North-West Provinces, Oudh, tho 
Punjab, Rengal, and suljsequontly tho Madras Presidency and the 
Nizam’s dominions, visiting the principal observatories, and taking 
steps to supply stations with instruments in which they were 
d('ficient, to get all tho l)aroraeter3 satisfactorily compared, and to 
obtain trustworthy determinations of tho elevations of the instru- 
ments above sea-level. 

At the time of the establishment of tho Departmojit there wore 
84 observatories in India and its dependencies (exclusive of Ceylon). 
Two of these (a private observatory at Yizagapatara, and one 
established by the Portuguese Government at Goa) wore inde- 
pendent of the British Government ; eight wore under special 
superintendents, or attached to s])ecial Government departments, 
and 74 were administered by local meteorological reporters or by 
tho provincial sanitary commissioners. Tho observatories were 
very unecpially distributed, being somewhat overcrowded in the 
alluvial Sub-IIimalayan plain, and unduly sparse over tho whole of 
Western India and some parts of the peninsula. But much valuable 
information on the meteorology of the country might, nevertheless, 
have been gathered from them, had the resulting data been com- 
parable and accessible to persons in other presidencies. 

Neither of these conditions were fulfilled, however, except 
partially and very imperfectly, and up to 1876 it had been 
impoflsiblo to collect and utilise the registers for discussing the 
meteorology of India as a whole. 
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The reorganisation of the depai*tment, which was sanctioned on 
the lines suggested by Mr. Blanford, involved : — 

1. A redistribution of the observatories, and the provision of 
suitable additional stations. Except under some special conditions, 
it was proposed to arrange as uniform a distribution of the obser- 
vations as the circumstances of the country would admit of. 

2. The rendering the data from all observatories comparable 
inter se and also with those of known standards. To accomplish this, 
a rigorous comparison of the instruments was requisite, uniformity 
in tho mode of their exposure and methods of reduction, and a 
knowledge of tho surroundings of each station. 

3. The establishment of one or two observatories of a higher 
class in the interior as well as on the coasts of India, to furnish 
detailed and continuous registers, and also serve as depots for 
verifying instruments, training observers for tho minor stations, &c. 

4. To more effectually supervise the work of all observatories, 
by relieving the local reporters of a large part of their former 
duties, which were henceforth to be undertaken by tho General 
Department. Also to provide an additional local reporter for 
Western India. 

5. To bring together the materials furnished by tho observatories 
in all parts of India, and, as far as possible, from adjacent regions, 
for the purpose of discussion and publication, and this with the 
least possible delay. 

The number of observatories was to be raised to 95, eight of the 
former observatories being abolished and 22 now stations being 
established. 

The whole were divided into three classes, as follows : — 

I. Three first-class observatories, at Calcutta, Allahabad, and 
Lahore, in addition ,to the Madras and Colaba observatories, which 
wore to remain under the independent management of their own 
superintendents. These new observatories were to be furnished 
with self-recording instruments ; that of Calcutta with barograph, 
thermograph, &c., similar to those of the Kew observatory, and 
those of Allahabad and Lahore with the meteorograph of M. Van 
Eysselbcrghe. These observatories were to be under the immediate 
charge of the reporters. 

II. Twenty-one second-class observatories, at which (with two 
exceptions, viz., False Point and Saugor Island) observations were to 
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be recorded hourly, from midnight to midnight, on four days in each 
month, and at 10 a.m. and 4 p.m. on all othei’ days. The chief 
object of this an-angement was to ascertain the diurnal variation of 
the chief elements and to furnish the means of correcting registers 
to true daily mean values. These stations wore also to be furnished 


with self-recording anemometers 
2 in Assam 
6 in Bengal 

2 in North-West Provinces 

1 in Oudh 

3 in Central Provinces 

4 in Bombay 

2 in Madras 
1 in Burma 


They were as folloAvs : — 

- Sibsagar and Goalpara. 

- Patna, Hazaribagh, Cuttack, 

False I’oint, Saugor Island, 
and Chittagong. 

- Agra and Tlurki, 

- Lucknow. 

- Nagpur, Jabalpur, and Pach- 

marhi. 

- Belgaum, Poona, Disa, and 

Karachi. 

- Bellary and Trichinopoly. 

- Rangoon. 


At False Point and Saugor Island stations, which wore established 
chiefly for warnings of storms, the orginal plan of six-hourly 
observations at 4 and 10 a.m. and p.m. was retained. 

III. Seventy-one third-class observatories, at which two sots of 
observations of the principal instruments were to be recorded daily, 
at 10 a.m. and 4 p.m. 

The publications of the Meteorological Department were to 
consist of an annual report on the meteorology of India for each 
calendar year, giving the abstract of the registers of all stations, 
together with a discussion of the meteorological features of the 
year, illustrated by charts of temperature, pressure, and wind 
directions, and also the original observations (corrected and reduced) 
of some of the more important stations. The other departmental 
serial was to be termed “ Indian Meteorological Memoirs,” and to 
include such of the work of the officers of the department as did 
not properly come within the scope of the annual report. 

The library of the Bengal Meteorological Office was transferred 
to the general office, and was thus rendered aA’ailablc for both 
departments. It has since been greatly enlarged by purchases and 
presentations of works. 

During the following year (1876-77) 11 now stations were 
founded, and an important improvement was effected in the work 
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of tho older observatories, by the verifioatioti of all the 1 her mo* 
meters and the withdrawal of all inferior instruments. A first 
instalment of tho tabulated observations in Indian seas, extracted 
from tho meteorological log-books in tho Marine Department of 
the British Meteorological Office, was received during tho same 
year, and proved to be of such extent and value that Mr. Blanford 
strongly recommended the speedy comidetion of the work. 

Progress was also made in the collation of the registers of rainfall 
in former years. Unfortunately, tho records for Northern India, 
ranging from 1851 to 1860, had been made over to tho Messrs. Von 
Schlagintweit, to aid them in tho preparation of their work on 
magnetic and meteorological observations in India, and although 
application was made to Mr. Hermann Yon Schlagintweit-Sakiilunski 
for tho return of tho original registers, that gentleman practically 
declined to lot them go, except on conditions which were held to be 
unreasonable. Eventually, however, on Mr. Blanford’s proceeding 
on furlough to Europe, he availed himself of tho opportunity to 
visit Munich and obtain copies of the registers in question. 

The meteorology of 187G possessed a sinister intere.st in that in 
the two southern presidencies the failure of the annual rains was 
followed by wide-spread suffering and a heavy mortality, while 
Bengal was visited by a terrible storm flood of almost unprecedented 
destructiveness. With respect to the rainfall, it is certain that 
from an early period of 1876 the distribution of pressure in the 
Punjab and the Indus valley must have wt^akoned, and perhaps 
diverted, the summer monsoon that reaches India fi’om the Arabian 
Sea, and have given prevalence to the dry westerly winds tlu'it, as a 
normal feature of the hot season, blow from Baluchistan across a 
considerable part of the Bombay Ihcsidency. Other causes also were 
probably at work, but the mere fact that a great disturbance in the 
normal distribution of the rainfall is found to accompany an 
abnormal distribution of pressure, which distribution was manifested 
some months in anticipation of tho rainy season, is of considerable 
importance. 

A manual of instruction, for the guidance of meteorological 
observers was completed and issued during tho year, together with 
the tables of reduction specially drawn up for use in India. To 
supplement this and encourage inquiry, a sketch of the meteorology 
of India, accompanied by an introductory chapter on the physical 
■ laws of the atmosphere and an outline of tho physical geography of 
India, was prepared by Mr. Blanford, tho whole forming an octavo 
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volume of about 800 pages, and published under the title of tho 
“ Indian Meteorologist’s Vade Mecmn,” 

Besides tho Ueport on the Meteorology of India in 1875, the 
publications issued during tho year were — 

Part I. of the J ndian Moteorological Memoirs, containing three 
pa])ers, viz. : — 

{a.) On tho winds of Calcutta ; 

(/>.) On the climate and meteorology of Kashghar and 
Yarkand ; 

(c.) On tho diuj’iial variation of barometric pressure at 
Simla. 

Part I. of tho Indian Meteorologist’s Vade Mecum. 

Tho Meteoi’ologieal OfTloc for Bengal also piddished Mr. J. Eliot’s 
report on tho V'izagapatam and Bakarganj cyclones of October 
187G. In this report, iMr. Eliot gave a very full discussion of tho 
formation and progrc'ss of those two storms, based on data collected 
partly from ships which encountered tho .storm and partly from the 
registers of the coa.st observatories. Ho also g.avo an account of the 
disastrous flood which submerged the low alluvial tracts at the mouth 
of tho Meghna. But ])erhaps the most valuable ])art of the report was 
that which dealt with tho formation of cyclones. Previous theories 
had laid it down that cyclones originated from the action of two 
op])Osing Avinds, Avhich resultc'd in a rotatory action. But as tho winds 
preceding the formation of a cycknie are generally very light, this 
was practically a mechanical impossibility. iMr. Eliot’s theory, on 
the gthci’ hand, aserila's tin' formation to the continue(1 precipitation 
of raiiiYaisiiig the temperature of tho cloud-forming strata by the 
emission of the latent heat of tho condensed vapour and loAvering 
tho atraos])horic pressure. 

Mr. N. li. Pogson published a tabular statement dui'ing the year 
of the rainfall registered at tho Madras Observatory in every month 
during the ])rovious G2 years. The data in this table were discussed 
by Mr. AY. AV. Hunter, with special reference to tho supposed 
periodicity <.)f droughts and famines in Southern India, in a 
pamphlet which obtained a large circulation and attracted very 
general interest. Mr. Blajiford, however, after investigating the 
question with a wider field of materials, was compelled to conclude 
that Mr. Hunter’s results required some limitation. 

The following year (1877-78) was marked by an important 
addition to the work of the Department, i.c., tho transmission by 
post daily of the 10 a.m. readings from nearly all the observing 
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stations. As, however, several of the distant observatories com- 
municated very slowly with Calcutta, the charts compiled from these 
giving the isobars, isotherms, wind direction, and rainfall were neces- 
sarily often a fortnight in arrear. But as a step towards the trans- 
mission of weather reports daily by telegraph, and the eventual 
publication of weather probabilities, the new departure was important. 
It also enabled the reporter to exercise a continuous and most useful 
supervision over the daily work of each observer. 

Altogether, on the Slst March 1878, there were 103 observatories 
at work in India and its dependencies (excluding Ceylon), and one 
in the Persian Gulf. All, except the private observatories, were 
furnished with barometers and thermometers, carefully verified and 
adjusted to those of the well-known standards in India or in 
Europe, and the elevations of by far the greater number of the 
barometers had been ascertained with great accuracy, while the 
preparation by the central office of the daily charts from the postal 
returns was already beginning to throw light on the connexion 
between the seasonal and daily atmospheric changes over the whole 
of India. 

Besides the General Report on the Meteorology of India for 1876, 
and Part II. of the Indian Meteorologist’s Vade Mecum, Part II. 
of the Indian Meteorological Memoirs was issued, containing the 
following papers ; — 

1. Storms in Bengal in 1876, with increased atmospheric pressure. 

By J. Eliot, M.A. 

2. On the rainfall of Benares in relation to the provailing..,wi”ads. 

By S. A. Hill, B.Sc. 

3. On the diurnal variation of the barometer at Calcutta and 

Hazaribagh. By II. F. Blanford. 

Mr. Blanford also drew up from all the accessible records a 
catalogue of the cyclones of the Bay of Bengal. This was com- 
municated to the Journal of the Asiatic Society of Bengal. 

A system of issuing daily reports of the weather in all parts of 
India was set on foot experimentally by Mr. Eliot on the 15th June 
1878, the observations recorded at 10 a.m. being telegraphed to 
Simla. To facilitate the transmission of these reports, a special 
telegraphic code was devised by Mr. Eliot and Mr. Pedler, which 
gave the whole of the requisite information in six words. 

This system was found so satisfactory that it was determined to 
extend it to all observatories having telegraphic communication, 
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and furthermoi’o to supplement it by an extended system of report 
of the rainfall from stations other than those provided with 
meteorological observatories. Arrangements were also made for 
transferring to the Meteorological Department the duty of working 
the time-ball on the semaphore tower of Fort William, which had 
been previously performed by the Surveyor-General’s Department. 

An important incident of the year was a te ntativ e foreca-st of the 
character of the monsoon season, made by Mr. Eliot (who officiated 
for Mr. Blanford during his absence on furlough). The retardation 
of the monsoon rains in 1878, following on their almost complete 
failure in the North-West Provinces in the previous year, was a 
cause of grave anxiety. Mr. Eliot’s opinion, on examination of the 
whole subject, was that the advent of the rains would probably be 
retarded, but that they would be more equally distributed than in 
previous years. This prediction was borne out by the results. 

The work sanctioned by the Secretary of State in 1875, of 
copying the ship obsei’vations relating to the Indian seas that had 
accumulated in the Marine Department of the London Meteorological 
Office, was fast approaching completion, and by it the basis of a 
knowledge of the general meteorology of the adjacent seas, com- 
parable to the existing knowledge of the land observatories, was 
being laid. The observations of the Department had finally 
dissipated some of the long prevalent errors respecting the Indian 
monsoons, such as, for instance, the idea that the summer monsoon 
of India is caused by the heat of Central Asia, and blows towards 
that, region. But with respect to the seas, there was still no 
accurate knowledge of the origin of the summer wind, and it was 
still doubtful Avhether the general body of the southern trade winds 
crossed the (,'quator and fed the monsoon, or whether, on the other 
hand, the North Indian Ocean was not the chief source of the 
vapour supply, and the connexion of the monsoon with the southern 
trades only fortuitous and i)artial. Another pi’oblem awaiting 
solution in the study of the meteorological marine logs was the 
possible deficiency of pressure over parts of the ocean as bearing 
on land droughts such as those of 187G. 

Owing to the increasing attention attaching to the connexion 
between sdar physics and meteorology (a matter discussed so long ago 
as the beginning of the century by Bir John Ilerschel), Mr. Blan- 
ford entered into communication with Professors Norman Lockyer and 
Balfour Stewart, and, at their suggestion, obtained the Secretary of 
State’s sanction for the purchase of a new form of actinometer for 
1 Y 80821 . T 
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measuring the solar heat. Mr. Blanford also took the opportunity 
during his stay in Europe to study and practise the process of solar 
photography as elaborated on a large scale by Mr. Janssen, the 
Director of the Physical Observatory at Meudon. 

Mr. Meins, a trained solar photographer, had been despatched to 
India in 1877, and was engaged in taking daily photographs of the 
sun’s disc up to the date of his death in 1879. This unfortunate event 
caused a delay of nine months, but at the close of 1879, Sergeant 
White, of the Royal Engineers, was sent to India to continue the 
work, under the superintendence of Mr. J. B. N. Hennessey, M.A., 
F.R.S. A large photo-heliograph, suitable for taking pictures of 
the solar disc 12 inches in diameter, was subsequently supplied to 
the Dehra Observatory under the direction of the Surveyor- General’s 
Department {see page 234!). 

The Report on the Meteorology of 1877 was prepared by 
Mr. Eliot. Like the Reports of the two previous yc^ars, it included 
a general description of the meteorological features of the year, 
with comparative tables showing the average values of the several 
meteorological elements derived from past years, and the anomalies 
or differences in 1887, descriptions of the newly-established 
stations, and the geographical co-ordinates and elevations of all 
stations. The report was illustrated by 12 charts in coloured 
lithography, showing the mean distribution of temperature, 
atmospheric pressure, and wind direction in each month of the 
year. According to a notice in the Journal of the Austrian 
Meteorological Society, under the very competent editorship of 
Professor Hann, the annual volume on the Meteorology of> India 
at this time already ranked with that of the Russian Empire in the 
extent and comprehensiveness of its data, while it appeared at a 
very much earlier date. 

Part III. of the Meteorological Memoirs was issued in 1879, 
containing the following papers : — 

1. On the variations of rainfall in Northern India by 

S. A. Hill, B.Sc. 

2. Meteorological and hypsometrical observations in Western 

Tibet, recorded by Dr. J. Scully, with a discussion by 

Henry F. Blanford. 

Mr. Eliot also published a Report on the Madras cyclone of 1875. 

The year 1879-80 completed the first lustrum of the existence of 
the Department. Up to March 1880, 117 stations in India and 
neighbouring countries had been established, not including the 
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observatories in Ceylon. There still remained, however, some 
portions of the country in which they were somewhat sparsely 
scattered, but most of these were the wilder tracts where no suitable 
stations existed. 

The Famine Commission Report issued during the year 1880-81, 
gave emphatic expression to the objects of the department and the 
practical importance of meteorology. After giving a summary of 
what is known respecting the distribution of rainfall in India and 
the variations to which it is subject, the Commissioner remarked : — 

“ As at pre.-ont no power exists of foreseeing tlie atmosplierie ch inges effective in 
producing the rainfall, or of determining beforehand its probable amount in any season, 
such ns would adruit of timely precautions being taken against imf.ending drought, the 
necessity becomes the greater lor watching with close attention the daily progress of 
each season as it passes, for ascertaining with accuracy and proinpiitudc the actual 
(piantity of laiii in all parts of the countiy, and for forming the hc>t and earliest judg- 
ment possible from ihe fads as they o(‘Cur, whether the supply will he sulficicnt or 
otherwise. For the piesent, at least, iis far as tlie rainfall directly affeids the subject 
under consideration, these are the only ])rccautioi\.s that api)car possible. Within tiie 
last few years a very sati.sfactory system of meteorological o)>s(*j\ aliens has been 
established all over British India, and, in our opinion., it is of primary importance that 
it shall he maiuUnned in comjilete efficiency, and shall so far be streiigthened and 
improved as to ensure the early and punctual supply of information to the executive 
Governments, and to the officials in all departments concerned willi th(‘ agriculture of 
the country, or the prejiarations required to meet famines, as to the actual progress of 
the t>eriodical seasons of rain in all parts of’ the provinces, for which these Govern- 
ments or ollicer.s are respectively responsible. So far as it may become possible with 
the advance of knowledge to form a forecast of the future, such aids should he made 
use of, though with due caution. 

“ We are also satisfied of the importance of the diffusion of more sound and accurate 
knowl^dgc^of the causes and mode of occMirrenec of the periodical rains, on which 
the wcll-boiiig of India is so largely dependent, not only among the ollicers of the 
Government but also among all classes of the community. Any measures wliich the 
Government may find possible with a view to the publication and ditfiision of such 
knowledge cannot fail to he highly beneficial.” 

In the annual return of the rainfall prepared in 1879 for the 
information of the Secretary of State, considerable tracts wore 
unrepresented, owing to the absence of registers. Measures weic 
therefore taken during the following year to supply these deficien- 
cies, and to establish rain-gauge stations in the Tributary Mehals of 
Orissa, Chutia Nagpur, South Rewa, the eastern districts of the 
Central Provinces, Jaipur, Bastar, and also in Khairpur, on the 
borders of Sind. An endeavour was made to do the same in 
Western Rajputana. Rainfall registers for the past six year.s were 
also obtained from several stations in Haidarabad, so that this 
territory was as well represented as most other parts of India. 

T 2 
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A system of storm-warning, by means of telegraphic report to 
Bombay from sevou stations on the west and three stations on the 
east coast, was brought into c>pcration on the 13th June, the inclu- 
sion of eastern stations being rendered necessary, as it was known 
that the storms which are felt on the west coast of India originate 
in rahny cases over the Bay of Bengal. In Bengal an improvement 
in the provincial system of reports was introduced by Mr. Eliot, the 
number of stations sending daily telegrams to Calcutta being increased 
from 7 to 15. All with the exception of Dacca were situated on the 
coasts of the Bay of Bengal. Arrangements were also made for 
lithographing tb(,‘ Calcutta daily reports and issuing them about 
3 p.m. to tlie port authorities, the chamber of commerce, merchants, 
and now'spapers. The reports were accompanied by a lithographed 
chart of the Bay of Bengal. 

The observations of the temperature of the ground at Alipore, at 
the surface, and at depths of 1 foot and 3 feet respectively, disclosed 
the fact that the mean annual temperature of the ground was not 
less than 5° in excess of that of the air. These observations also 
showed that the ground acts as a reservoir of the heat received from 
the sun, which it stores up and slowly gives forth to the atmosphere. 
Subsequent research showed that the ground temperature is subject 
to slow but not inconsiderable fluctuations, which depend evidently 
much more on the rainfall than on any variation in the radiant 
int('nsity of the sun. The importance of these deductions, from an 
agricultural point of view, led to the institution of similar observa- 
tions at Allahabad. 

The remaining portion of the observations extracted from the 
meteorological logs in the possession of the London office was 
received in 1880-81. It consisted of all the observations recorded 
in Indian seas north of the equator, between East longitude 50° 
and 100° up to the end of the year 1878, and the data were reduced, 
corrected, and tabulated according to the months and squares of 
1° latitude and longitude, and arranged in 154 data books, one for 
each 10° square in each month. The discussion of this large 
mass of material therefore now became possible, and was eventually 
undertaken by a special officer, Mr. Dallas, who had been trained in 
the London Meteorological Office, and was appointed, partly for this 
purpose, in 1 882. 

Part iV. of the Indian Meteorological Memoirs was published 
during the year. It contained a paper by Mr. P. Chambers on the 
winds of Karachi, being a discussion of three years anemographic 
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records at that station, illustrated by eight plates. Mr. ITill pub- 
lished a table giving the monthly total rainfall at each station in the 
North-West Provinces for 1880, the number of rainy days in each 
month and the average monthly rainfall of each place. 

Ovring to the prevalence of haze in fine dry weather, the actino- 
metrio observations taken for two years at Alipore were less 
successful than had been hoped for, and on the recommendation of 
the Solar Physics Committee, Loli, in Ladak, was selected as being 
situated, as was hoped, in a clearer atmosplicrc and at a height above 
the disturbing influences of the haze of tlie plains. 

During the year Mr. Eliot devised a now and improved system of 
storm signals for the port and signalling stations on the Hugli, 
below the port. The knowledge of such storms had by this time 
advanced sufficiently to enable Mr. Eliot to a certain extent to pi’cdict 
their course, a‘matter of great importance to outgoing ships. Tlie new 
system of signalling made provision for this special information. In 
connexion with the Bombay storm-warning system Mr. E. Chambers 
drew up an interesting list of some 70 storms of the west coast, 
which was published in Vol. II., Part 1, of the Indian Meteorological 
Memoirs. 

In 1881 Miss E. Isis Pogson was appointed meteorological super- 
intendent to the Government of Madras, a. stc]) which resulted in 
the prompter transmission of the Madras registers to lieadipiartcrs. 
and less delay in the pi’oparation of the annual report. 

The first volume of the Meteorological Mcmoii’s Avas completed by 
the publication of Parts V. and VI., contnining two papers by 
Mr. Hill on the Meteorology of Allahabad and on that of the North- 
western Himalaya, and a disciission of the hoindy observations of 
• the barometer at Goalpara, Patna, and Lch, by Mr. Blanford. 

The following year was marked by cflbrts to obtain information 
respecting the extent and thickness of the Himalayan snows, a 
physical feature which appeared to cMrcise considerable influence 
o^ the meteorology of the plains, and to Avhich attention Avas first 
directed in 1877. In April 1882, a communication was made by the 
Government of India to the local governments of the northern 
provinces, requesting that the attention of the civil officers and 
Residents of Hill States might be particularly directed to this 
matter, and it was recommended that monthly reports on the 
state of the snows on the passes and liigher ranges of the interior 
should be drawn up from information obtained fi'om native traders, 
travellers, and others, and communicated to the central office. 
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The observed facts are thus described by Mr. Blanford : — 

“ A fall of snow on the hills is followed, as scon as the weather clears, by a consider- 
able rise of pre.ssuro over the mountains, and fre<iuently also over the north-western 
plains, and this rise is accompanied by a steady wind on the jdains, from north along 
the foot of the hills; fi*om north-west on the more distant plains. In the cold weather 
and early spring, when there is often rain simultaneously on the plains, there is also a 
considerable fall of temperature ; but in April frequently, and generally in May, there 
is no rain on the plains, and any fall of tempcmtiire is restricted to the immediate 
neighbourhood of tl»e hills. In these months the cooling effect of the snow is local, 
but it is also per.sistent ; and since the snow reffects a large portion of tlie son’s rays, 
and that which is absorbed does not raise the temperature of the surface, nor that of 
the air resting on it, above tlie freezing point, this air remains denser than it would 1)0 
over a bare rock surface. It floats away as a north-west wind at a high level, towards 
the plains communicating its high pressure and southwar<l moveunent to the lower 
strata, and thus the whole mass of dry air moves towards the region of low i)ressure 
(which tlien exists over the plains of Bebar, Bengal, and the peninsula), constituting 
the dry hind winds, usually characteristic of tlie spring, and in seasons of unusual 
snowfall lasting into the summer months. These winds arc hot, the heat being 
,absorbc<I from the dry strongly- heated land surface, and the lower strata, thus heated, 
mingle by convection with tln». higher, while the latter (le^scentling are also heated, 
partly by tlic com[)re.ssion, which the air necessarily nndergoo.s, partly by being 
brought witliin tlie heating influence of the ground.” 

During the same year a chart of the average rainfall of India was 
drawn on a map of 64 miles to the inch and displayed at the 
Amsterdam Exhibition, and also prepared for reproduction by 
lithography. The chart accompanying it shows the names of 985 
places, with the average rainfall of each to the nearest integral inch, 
while the distribution of rainfall is shown by eight tints, representing 
respectively the areas with an annual fall below 5 inches and sijiccfessive 
increments up to above 100 inches. The only general rainfall charts 
of India previously published were, first, that drawn in 1872 by Dr. 
(now Sir) D. Brandis, the late Inspector-General of Forests, when 
engaged in the preparation of his work on the Indian Forest Flora, 
and published in Vol. II., No. 7, of Ocean Highways, and, second, 
a revised edition of the same chart, prepared in Mr. Blanford’s 
office and published in 1878. 

Progress was made by Mr. Blanford with the discussion of the 
rainfall data of past years and by Mr. Eliot in the study of the 
origin and development of storms, by his paper (printed in Part I., 
Volume II., of the Indian Meteorological Memoirs) on a small 
cyclonic storm which originated over the Bay of Bengal, and thence 
travelled northwards across Bengal in the third week of November 
1878. He showed that the origin, existence, and motion of the 
storm were due entirely to the atmospheric conditions of the aroa 
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which it actually traversed, and the course of the cyclone across 
Bengal took place where the air-motion was relatively least, prior to 
its advent. 

The arrival of Mr. W. L. Dallas, appointed Scientific Assistant 
to the Meteorological Reporter to the Government of India, enabled 
the important work of reducing and discussing for publication the 
marine meteorological observations collected during the 20 years 
1856--75 by the Ijondon Meteorological Office to be taken up, and 
a beginning was made with the barometic and wind data of the Bay 
of Bengal for the month of January. 

"With regard to the collection of current meteorological data for 
the Bay of Bengal this was undertaken by Mr. Eliot. Observations 
were regularly recorded with duly verified instruments on board the 
light-ships off the mouth of the Hugli, and a form of return 
showing the meteorological information which it is desired to 
obtain was handed to the captain of every vessel. A large number of 
captains duly responded to this appeal, and information of great 
value was derived from their returns On the whole the extracts 
proved that the weather in the whole extent of the bay (excluding 
the Andaman sea) was fairly indicated by the observations taken a.t 
the coast stations, and that the progress of every important storm 
might be traced and followed with more or less exactness, almost 
from its origin, from the shore observations. 

Among the more important incidents of the year 1883-84 should 
be mentioned the arrival of Sergeant Rowland and Mr. Shaw at 
Loll, i’} November 1883, for the purpose of instituting actinometric 
observations there. For some months previously they had been 
undergoing most valuable training at the hands of Mr. Hennessey 
at Debra. 

A body of valuable information with regard to the question of 
the influence of the Himalayan snowfall on the dry westerly winds 
in Northern India was obtained from officers stationed in the Hill 
States, Tnd the abnormal features of the snowfall in the spring and 
winter months enabled Mr. Blanford to frame forecasts with regard 
to the duration and nature of the dry winds in the plains, which 
were fairly justified by the events. During the year observatories 
were established at Kailang, in Lahul, at an elevation of 10,000 feet 
above the sea, and to the north of the second survey range, and also 
at Ohamba. 

Among the more notable publications of the year were Part II. of 
Vol. II. of the Indian Meteorological Memoirs, containing a'*memoir 
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by Mr. Blanford on tbo storms of tbo west coast and on tbe 
land-formed cyclone of Gujrat of July 1881, and a very 
important paper by Mr. Hill on tbe normal temperature of 
Northern India. 

The observatories in existence in 1880-85 were classified by 
Mr. Blanford as follows : — 

Low- level observatories in India. 

Hill observatories. 

Himalayan valley observatories. 

Extra-Indian observatories. 

Ships. 

Of the first four classes there had been 117 in 1880, and these 
were increased to 128 in 1885, exclusive of 22 obsoivatorios in 
Bengal, which were t'stablished in connexion with the provincial 
system of telegraphic weather rei)ort. 

Tlio actinometric observations at Leh, after 17 months, did not 
prove so successful as had boon anticipated, for owing to the cloudi- 
ness of the skies, Leh turned out, during a large part of the year, to 
be oven a less favourable station than Mussoorie. Fifty-two com- 
plete sets of three daily observations and six long series, together 
with 04 imperfect sets of the former and 14 of tho Latter, were the 
total I'o .^ult of tho 1 7 months’ work. It was, therefore, deemed in- 
expedient to continue the ('xporiinent, and arrangements were made 
for Sergeant Rowland and Mi’. Shaw to return to India at tho close 
of the season. 

Before 1884 all the officers of the department had been Europeans, 
who had either received a special education in science or had been 
trained in tho technical work of a meteorological office. During 
that year it was resolved as an experiment to train an educated 
native to prejjaro the daily weather reports. Lalla Ruchi Ram 
Sahni, a native of tho Punjab, who had taken his B.A. degree in 
Physical Science and had passed for an M.Av degree, was selected 
for the post. 

In the spring of 1884 tho snoAvs on tho North-Western Himalayas 
were more extensive and later than they had been in any previous 
year since 1878, and Mr. Blanford, predicted a somewhat retarded or 
W’eak and interrupted monsoon. So far as the rains of the early 
part of the monsoon of North-Western India were concerned tho 
forecast was fully Justified by tho events. After a general burst in 
the latter part of June tho rains of .all Western and North-Western 
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India were entirely suspended for three weeks or more, and even up 
to August they Avere somewhat defective in the Punjab. But the 
conditions there existing did not operate throughout the whole of 
the monsoon and the latter months brought abundant rain. Nothing 
was said in the forecast respecting the deficiency of the Bengal 
rainfall in tho latter part of the season, nor that of the Doccan 
and Carnatic. Tho causes of that deficiency were obscure, and, 
therefore, reserved for future investigation. 

On the 26th July 1884, heavy floods occurred in the rivers Tajhi 
and N arba da, whicli resulted in the submergence of a portion of 
the city.jQf- Surat. Those were followed on the 31st by the flooding 
of tlie Subarmati, Mahi, and neighbouring rivers which discharge 
into the gulf of Cambay, causing serious bi-eaching of the Bombay 
and Baroda Railway. Again, on the 3rd September, the same rivers 
were in flood with like disastrous consecpiences. All these floods, 
and also a flood which occurred in September 1882, were the 
consequences of small cyclones of the south-Avest monsoon typo, 
Avhich either traA’elled to Western India from Bengal or the Central 
Provinces, or in tho last instance had travelled up the west coast at 
the end of August. It was accordingly arranged that tho supor- 
intendonts of observatories situated near the head Avaters of the 
d’apti and Narbada should be instructed that in ther cA'ent of the 
rainfall exceeding 3 inches in the 24 hours an urgent telegi’am 
should bo sent to certain Bombay officers, and also that j)rcmonitory 
Avarnings should be sent from tho Simla, giving notice of tho 
approach of a storm to tho Central Provinces, Ccmtral India, and 
Cnjrat. At tho same time the Meteorological Reporter fi-om 
Western India Avas requested to take up the question of the floods 
.and investigate tho circumstances attending their origin, Avith a view 
to the greater efficiency of the system. 

An important addition Avas made during the year under review 
by Mr, J. Eliot to his previous admirable work on the haw of storms. 
Taking as his basis the daily Aveather charts of India, drawn up in 
the office since 1877, ho took out tho track of every storm generated 
over the Bay of Bengal betAA'een the months of May and J)ecemb(!r, 
during the fiA^e years 1877-81 (46 in all), and discussed them in a 
memoir of 216 quarto pages, illustrated by seven plates, issued as 
Part IV. of Vol. II. of the Indian Meteorological Memoirs, 

In regard to marine meteorology, Mr. Dallas completed, during 
1884-85, the sot of monthly charts showing tho distribution of 
barometric pressure, the prevalent winds, and marine currents of the 
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Bay of Bengal. The January chart was lithographed on a reduced 
scale as a specimen of the work, and circulated to the port officers, 
Marine Weather Institutes, and some ship commanders for criticism, 
some valuable suggestions being offered in reply. 

Up to 1885 the daily weather reports had been issued at Simla 
from the 1st May to the 1st October, and at Calcutta during the cold 
season, but in this year it was arranged for the work to be carried 
on permanently at Simla in future. 

Before 1885 there were only three observatories fully equipped 
with autographic instruments for furnishing either a continuous 
register or one repeated at short intervals : these were the Govern- 
ment obsers’'atories at Calcutta (Alipore), Bombay (Colaba), and the 
Maharajah’s observatory at Jaipur. During 1885-6 a fourth was 
established at Allahabad, and a portion of the instruments for a fifth 
at Lahore were received shortly after, a suitable building having 
been already provided. 

Some further additions were made to the stations transmitting 
regular returns of rainfall to the Central Office, some being of 
especial value as representing the arid region of Western Rajputana, 
which but a few years since was an almost complete blank on the 
charts of recorded rainfall. Improved returns of the Himalayan 
snowfall were also received from hill stations on the north and 
western frontiers. 

Attempts had been made to estimate the prospects of the monsoon 
rains from the snowfall reports, and the wind and pressure distribu- 
tion in the period immediately before the rainy season in each of the 
preceding two or three years. In 1885, Mr. Blanford’s prediction 
on the 21st May was that the influx of the monsoon rains on the 
west coast and in Southern and Western India generally would be 
retarded, and this was amply borne out by the subsequent history of 
the season. 

Some time before Dr. Brandis’s retirement from the office of 
Inspector-General of Forests with the Government of India, he 
conferred with Mr. Blanford as to the establishment of observatories 
in connexion with the forests, with a view to ascertaining the eflect 
qf^forests- more especially on temperature ai^ rainfall. As a result 
an observatory was established at the Forest School at Dehra Dun, 
which should serve as a model for the forest observatories and also 
as a training school for observers. In July 1884, the first pair of 
comparative observatories was started at the Forest Nursery, Ajmir, 
in the following years various other pairs were established near 
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Ajmir and Dehra. The tendency gf the resalta was to show that 
thejex;iatence of forest increases the rainfall. Mr. Ribbentrop, the 
officiating Inspector- Greneral of Forests with the Government of 
India, starting from the fact that extensive tracts of forest, previously 
devastated by jungle fires with a view to the nomadic system of 
cultivation practised by the hill tribes, had been brought under 
protection in 1875, and that thereby the area of vigorous forest 
growth had been enormously increased, was led to inquire whether 
this measure had sensibly affected the rainfall. Mr. Blanford’s data 
showed that the rainfall of the years subsequent to 187.5, when 
compared with that anterior to that date, manifested a large increase, 
attributable to the preservation of forests. Subsequently, however, 
some doubt was thrown on the trustworthiness of the registers of 
the earlier years, which had led to this conclusion. 

On the 22nd September 1885, a cyclone, small in extent, but 
accompanied by a high storm, devastated the settlement of Hukitolla, 
at False Point, in Orissa. The terrible destruction of life and 
property which resulted from this storiii, aroused public attention 
to the subject of storm warnings to the coast ports, and led to the 
adoption of measures for extending the system. It was therefore 
arranged that whenever the telegraphic rejiorts showed the existence 
of a storm over the bay, an intimation to that eflTect should bo sent 
to the port officers of the chief places on the Indian coast, who should 
be instructed to depend on their own observations of the wind and 
barometer for taking all necessary precautions. 

•During 1885-86, Part I. of Vol. 111. of the Meteorological 
Memoirs was issued, containing the first part of a memoir on the 
rainfall of India. Three other memoirs, viz., one ^y Mr. Eliot, 
orf the Akyab cyclone of the 12th to the. 17th May 1884 ; one by 
Mr. Blanford, on the diurnal variations of the rainfall of Calcutta ; 
and one by Mr. Dallas, on the meteorology of a sea tract to the south 
of the Bay of Bengal, were also printed. 

As a consequence of the annexation of Upper Burma, an enormous 
tract of country, of the meteorology of which scarcely anything 
was previously known, was in the same year brought under the 
operations of the department. Three fully equipped meteorological 
observatories were established at Mandalay, Bhamo, and Kind at, 
and in addition rainfall registers were received for a portion of 
the year from ten other stations. The three principal observatories, 
however, very inadequately represented the enormous tract added to 
our possessions, and it was felt that it would be soon necessary to 
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increase their number. One other observatory commenced work 
during the year, i.e., at Coco Island, which, being situated between 
Diamond Island and Port Blair, and close to the cradle of most of 
the violent storms that occur at the change of the monsoon, formed 
a valuable addition to the Indian system. 

Preparations were also made for establishing an observatory 
at Baghdad, in connexion with the British Political Residency, and 
proposals were also afoot with respect to a fresh observatory at 
Srinagar, A third rainfall register from Baluchistan (i.e., from 
Pishin) was obtained, so that the Baluch highlands were thus 
represented as adequately as other parts of India. 

The investigation of the vicissitudes of Indian rainfall, made 
by the light of all the numerous rainfall registers that had 
accumulated in the Meteorological Office relating to the last 22 
years, were concluded during the year under review. The result 
shows that in the Carnatic there is really a tendency to drought at 
intervals of about 11 years, but not necessarily of such intensity 
as to bo disastrous. In all other parts of the peninsula such 
regularity Avas not shown by the numerous registers consulted. 
But this appeared to arise from the cyclical variation being much 
more liable to disturbance by seasons of copious or deficient rainfall, 
which are due to other and non-periodic causes. The most im- 
portant law relating to the droughts of previous years in Northern 
India, and which appeared to hold good equally of temporary and 
prolonged suspension of the rainfall, Avas that they were preceded 
by heavy snowfall on the Himalaya, particulaily the Nortli-wost 
•Himalaya. Such was the case before the famines of 1SG8, 1877, 
1878 (Kashmir), and also in the period preceding the temporary 
droughts of 1880 and 1883. 

A volume of weather charts of the Bay of Bengal, exhibiting the 
barometric pressure, winds, and currents prevalent in every part 
of the sea, and as far south as the equator, in each month of the 
year, Avas published during 1886-87. The Avork was prepared 
by Mr. Dallas, Horn the data furnished by the meteorological logs 
collected by the London office between 1855 and 1878 and copied, 
tabulated, and reduced at the cost of the Government of India. 
Each chart was reduced to convenient dimensions, and accompanied 
with a page of description, giving statistical and other details. 
These publications have been much appreciated by the naval and 
mercantile marine. 
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Mr. Hill communicated to tlie Royal Society an important paper 
on “ Some anomalies in the winds of Northern India, and their 
“ relations to the distribution of barometric pressure,” * which 
was published in the Philosophical Transactions. 

In May 1887 M i:..H. E. Blanford went on furlough, and Mr. J,. Eliot, 
acted as meteorological reporter to the Government of India, 
Mr. Pedler acting as reporter to the Bengal Government. Shortly 
after taking charge, Mr. Eliot was asked to submit proposals for 
the more efficient working of the department. Mr. Eliot’s report 
was duly submitteil to Government, together with a memorandum 
from Mr. Blanford approving most of the suggestions. After some 
delay. Government sanction was eventually given to various changes, 
of which the following were the most important : — 

(a.) The discontiiuiance of the solar and terrestrial radiation 
observations, except at a few selected stations ; 

(b.) The ad()])tion of 8 a.m. as the hour for the observations 
embodied in the weather telegram transmitted daily to 
Simla, Calcutta, and Bombay ; 

(c.) The tabulation of all the observations hitherto recorded, 
in a form admitting of easy reference, and the calculation 
of daily averages of air pressure, maximum and minimum 
temperatures, aqueous vapour pressure, cloud, and rainfall. 

(d.) The extension and improvement of the methods of collecting 
rainfall data for the information of the Government of 
India, and the adoption of a uniform system of rainfall 
registration throughout India. 

These changes were all recommended on well considered grounds, 
which were explained at length by Mr. Eliot. For instance, with 
reference to the collection of rainfall data, he pointed out that the 
rainfall stations communicating with the Imperial Government were 
only 497 in number in all, while those communicating with the 
provincial governments were 1,390 in number. Next, there was an 
utter want of uniformity in the hours and methods of rainfall 
observation. The measurement of rainfall Avas initiated, like so 
many other Indian institutions, provincially under the revenue 
authorities, and it had never been systematized for the whole of 
India. A striking instance of the difficulty and inconvenience of 

• An abstract of this was published in Proceedings of the Iloynl Society for 
January 1887. 
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dealing with unsystematized observations cropped up in connexion 
with the question of the influence of forests on rainfall. The rain- 
fall statistics of the Central Provinces for the previous 20 years, 
if they could be accepted as true, would have established most 
conclusively that the extension of forests had been accompanied by 
a marked increase in the average rainfall of the forest districts. 
But when Mr. Blanford proceeded to make further inquiry into the 
value of these rainfall returns, the Chief Commissioner for 'the 
Central Provinces in his reply had to acknowledge that, owing to the 
uncertainty as to the gauges used in past years and the carelessness 
in registration, the records were unreliable. The effect of this 
unsystematic registration was to postpone the decision as to the 
influence of forests on rainfall in that area for another 20 years. 

Improvements were also made by Mr. Eliot in the daily weather 
report, which was in future to be accompanied by a chart. By the 
1 st April 1888, copies were issued to 228 Covemment officers in all 
parts of India, and to a limited number of meteorological bureaux 
and authorities in Europe and America. The daily weather report 
and chart in its new form compared not unfavourably with those 
published by the meteorological departments of England, France, 
Italy, Algeria, Austria, Germany, Australia, and the United States. 
It also possessed a special value as dealing almost entirely with a 
tropical region, and one where the most striking example of the 
semi-annual system of south-west and north-east monsoons occurs. 

In November 1886 the duty of issuing storm warnings to the 
Burma and Madras ports was entrusted to the meteorological 
1 eporter to the Government of Bengal, and this had been accepted 
by Mr. Eliot, with the proviso that certain arrangements should be 
made for rapid telegraphic communication between the Calcutta 
weather ofl&co and the distant port officers and observatory superin- 
tendents at the Burma and Madras ports during stormy weather. 

The charts of the Arabian sea, prepared by Mr. Dallas from the 
data collected by the Board of Trade from ships navigating that 
sea during the period 1855-78, were published during the year 
1887-88, in exactly the same form as the charts of the Bay of 
Bengal. Part IV. of Volume IV. of the “ Indian Meleorological 
Memoirs,” giving a list of storms during the years 1882-86, 
with brief descriptions similar to the list published in Part VI., 
Vol. II., and intended as a continuation of that list, bringing 
the information up to date and followed by a full account of 
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the three cyclones of November and December , 1886 in the Bay of 
Bengal, was issued in February 1888. An account of the Balasore 
cyclone of May 1887 was prepared as the first part of a new publi- 
cation of the Department, called the “ Cyclone Memoirs.” 

Special attention was paid by Mr. Eliot to the condition of the 
barometers used at various stations, and steps taken to remedy the 
irregularities discovered. 

In publishing the summary of the winter snowfall, and the 
monsoon forecast based chiefly upon it, Mr. Eliot announced in the 
first week of June 1887 that the general indications were favourable 
in North-east and North India, and somewhat unfavourable in 
Southern India. He predicted early and abundant rain in Northern 
India, and more especially in Upper India, and more or less deficient 
rains in the Poona, Sholapur. Belgaum, and adjacent districts. 
The forecast was in general agreement with the actual character of 
the monsoon. 

During 1888-89 there were some important changes efiected in 
the Department. Part of these had been sanctioned tentatively in 
the ])i’evious year, and as they were found to work smoothly, 
Mr. Eliot eventually submitted his final proposals, which were 
sanctioned with effect from the 1st January 1889. They were as 
follows : — 

(I.) The permanent retention of 8 a.m. as the hour for the obser- 
vations telegraphed daily to Bimla, Calcutta, and Bombay for the 
various daily weather reports issued by the Department, and the 
discontinuance of the 10 a.m. and 4 p.m. observations at 88 of the 
157 dbsfjrvatories maintained by the Department. The change of 
the general hour of the morning observations from 10 a.m. to 8 a.m. 
enables the Simla Oflice to issue the daily weather report in the 
afternoon of the same day, and the Bengal reporter to issue the 
Bay of Bengal report at about 11 a.m. or at the beginning of the 
office day to Calcutta merchants, shippers, &c. The acceleration in 
the publication of the daily reports was much appreciated in 
Calcutta and Bombay, as well as by the Government of India. 

A great change was also made with regard to the returns used 
for scientific discussion in the annual report. Inasmuch as in the 
case of 88 stations the previous records were vitiated, owing to 
careless observations or imperfect instruments, it was decided to 
discontinue the 10 and 16 hours observations at these stations, and 
to continue them only at the remaining 69 stations, the meteoro- 
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logical returns of wliich could be accepted as of the highest standard 
of accuracy, and as forming a reliable basis for scientific discussion 
in the annual report. This had the effect of increasing the accuracy 
of the report, diminishing its bulkiness by more than half, and 
considerably expediting its appearance. 

In consequence of these changes, the follmying re-classification of 
the observatories became necessary : — 

1st. — First class Observatories, including Calcutta, Allahabad, and 
Lahore, at which continuous registration is effected by auto- 
matic methods, and Mussoorie or Simla, at which special 
actinometric observations of a strictly scientific character are 
taken. 

2nd. — Second class Observatories, at which a set of observations is 
taken daily at 8 a.m., and telegraj)hed to Simla, Calcutta, or 
Bombay, for the preparation of the daily, weekly, and monthly 
reports, issued as early as possible for the information of the 
public, and two sets of observations daily at 10 a.m. and 
4 p.m. 

3rd. — Third class Observatories, the great majority of which will 
take daily a set of observations at 8 a.m. only, to be telegraphed 
to Simla, Calcutta, or Bombay. 

The other important changes sanctioned were : — 

(II.) The permanent adoj)tion of the system of telegraphing 
rainfall information to Simla introduced tentatively in 1888, and 
the establishment of a uniform system of rainfall registration 
throughout India. o 

(III.) The permanent transfer of the working and control of the 
Bombay Coast Storm Signal Service to Simla and the establishment 
of a local system at Bombay, in order to give early weather informa- 
tion to the commercial community of Bombay. 

In connexion with this, arrangements were made by Mr. Eliot for 
the prej)aration at Bombay of daily weather reports and charts 
similar to those prepared in Calcutta, and Mr. Hutchinson, who had 
succeeded Mr. Chambers in the local reportership for Western 
India, was initiated into the methods employed at Simla and 
Calcutta. The first report issued to the Bombay public was that 
for Monday, 14th May 1890. It found much favour with the 
Chamber of Commerce, who, with the Government, found the funda 
for the undertaking. 
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(IV.) The extension of the existing system of collecting meteoro- 
logical information from the captains of vessels navigating the 
Arabian Sea and the Bay of Bengal. The necessity for the extension 
of the •work of observation in this direction had been long recognised. 
It is absolutely essential for the investigation of the causes of the 
origin of cyclonic storms. Hitherto information had been mainly 
sought of the weather during cyclones, but not of the antecedent 
weather and conditions which led up to and originated these storms. 
Information of the weather in the Indian Seas is even more 
necessary in dealing with the causes which affect the strength of 
the great rain-giving currents of the south-west monsoon. These 
currents advance from the sea into India, and their strength and 
variations of strength probably depend as much upon conditions 
in the sea area from which they advance as in the land area of 
India itself. It was hence necessary that observations of the weather 
in the sea area should be collected as regularly and systematically 
as for the land area. 

(V.) The introduction of arrangements for the collection of 
special observations during storms, and the recognition of these 
observations as part of the duties of observers by special payments 
for these observations. The work of observation with regard to 
storms had been previously very defective. Tt was recognised in the 
rules drawn up many years before by Mr. Blanfortl for the guidance 
of observers that it was part of their duties to take frequent 
observations during storms but they neitlier received any pay for 
this .special work, nor was any deduction made from their pay, if 
they neglected the duty of taking these observations. It w'as hence 
voluntary unpaid work, and as its performance was attended with 
much physical discomfort, it was almost entirely neglected. As, 
however, storms form on the Avhole the most important feature 
of the weather, the registration of meteorological observations 
during their existence was clearly as absolutely essential as of the 
regular observations. 

(VI.) The introduction of arrangements for the utilisation of 
the services of duly qualified scientists in Europe for the discussion 
of some of the more important series of observations which have 
accumulated in the Calcutta OflEce during the past 13 years. 
This was rendered necessary by the great increase of work 
thrown on to the Simla an<l Calcutta OflSces. Among several 
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important complete series of observations in the Calcutta Office 
awaiting discussion wore the following ; — 

(1.) Hourly observations taken during a large number of years 
(varying from 10 to 13) at 26 second-class stations. These 
observations have cost Government upwards of a lakh and 
a half of rupees. 

(2.) Anemographic observations taken for several years at 
14 stations in different parts of India by means of self- 
recording instruments. 

(3.) The continuous series of observations taken at Alipore, 
Allahabad, and Jaipur during past years by self- 
registering instruments. 

In order that these observations, accumv'iated at much cost and 
labour, should be promptly utilised, Mr. Fiiot suggested the adoption 
of tho j)lan already been tried by the Geological Survey Department 
and found to work very satisfactorily There are several distin- 
guished meteorologists in Europe who have ample leism^e for the 
discussion and investigation of any of the series of observations in 
the Y)revious list, and Y*'Ould probably be glad to undertake the work 
for a moderate renmnoration. An annual grant was therefore 
sanctioned by Government for this purpose. 

(VIT.) Tho re-adjustment of work and establishments at the 
central and local meteorological offices, and the adoption of certain 
changes for increasing the' efficiency of the Calcutta and Simla 
offices. 

The following parts of the Indian Meteorological Memoirs were 
issued during 1888-89 : — 

Parts ni. and IV^. of Vol. III., completing Mr. Blanford’s very 
valuable monograph on the rainfall of India. Part V. of Volume JV. 
containing an account of the cyclone of May and June 1881 in the 
Arabian 8ea, drawn up by Mr. Chambers. 

The Handbook of Cyclonic Storms in the Bay of Bengal for 
the use of Sailors has also been issued recently. The following 
wore also prepared : — 

1. Account of tho cyclonic storm of August 1888, prepared by 
Mr. Pedler. This will form Part II. of tho Cyclone Memoirs. 

2. Account of the cyclonic storms of September 13th to 20th, 
1888, and of the cyclone in the Bay of Bengal and the Vaitarna 
storm in the Arabian Sea in October and November 18S8, drawn up 
by Mr. Eliot. This will form Part III. of the Cyclone Memoirs, 
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and will, with Part II., give an account of the most important 
cyclonic storms of the year 1888 in the Indian seas. 

3, A short paper by Mr. Dallas on the relation between sunspots 
and weather as shown by meteorological observations taken on 
board ships in the Bay of Bengal during tho ycai’S 1885-78. 

4. An account of tho storm of the first weok of Juno 1887, in the 
Arabian Sea, compiled by Mr. F. Chambers. 

The present arrangements for issuing storm warning signals are 
the following : — 

Ports on the Btirmah, Bengal, | Ports on the West Coast of 
and Madras Coasts warned by India Avarnod by the Bombay 
tho Bengal Reporter: — Reporter: — 

(n.) Bengal porls— (a,.) Ihiiibaii i>ort>t — 

Calcutta and River Kamchi. 

Hooghly. Bhaunagar. 

Chittagong. Daman. 

Orissa p(n-ts. including Bombay. 

Pooree, False Point, Ratnagiri. 

Chandbally, and Bala- '■ Goa. 

sore. I Karwnr. 

(h.) BnvDudi porfn — Vingorla. 

Monlrnein. Kuinta. 


Rangoon. i (l>.) purfa — 

Bassoin. ! Cochin. 


Akyab. j Mangalore. 

(r.) Madms porh — j Calicut. 

Bimlijiatam. 

■ Gopalpur. 

Yizagapatam. 

Cocanada. 

Masulipatam. 

Madras. 

Negapatam. 

Tuticorin. 

During a cyclonic storm which crossed the coast of Kathiatvar in 
tho early ])art of November 1888, the coasting steamer Valtarna 
was lost, and tho court of inquiry recorded the opinion that if a 
proper storm Avarning system had been in force, with communica- 
tions to most of the northern ])orts, intimation could have been 
conveyed in time to have enabled tho Vallariia to avoid the cyclone. 
This Avas a striking proof of the seriously defective organisation of 

U 2 
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the Bombay system, and prompt remedial measures were taken as 
far as possible by Mr. Eliot. A local daily weather report and 
chart is now published and issued daily ; a new storm signalling 
system has been devised, and steps have been taken to improve the 
representation of Kathiawar in the meteorological system. 

On the Sth May 1889, Mr. H. F. Blanford retired, after a 
connexion with the Meteorological Department of 22 years. He 
was appointed Meteorological Bcpoiter to the Government of 
Bengal in June, 181)7, and initiated the local meteorological system 
and the storm warning service for the port of Calcutta after the 
experience of the cyclone of October 18G4. When it was determined 
to combine the various provincial systems into a common Meteoro- 
logical De})artraent for the whole of India, Mr. Blanford was called 
upon to report on the best means of carrying this into effect. ITis 
suggestions were approved, and ho was appointed Meteorological 
Reporter to the Government of India. The series of Annual 
Reports and Papers -written by him for the Indian Meteorological 
Memoirs form a most valuable contribution to meteorological 
science. Since his retirement he has published “A Practical Guide 
“ to the Olimates and Weather of India, Ceylon, and Burma, and 
“ the Storms of the Indian Seas,” which gives an admirable 
summary of the results of meteorological observations taken in 
India-, and presents in a clear and intei-esting manner the more 
im])ortant features of the climates and weather in India. The 
Government expressed its high valiu' of his services in the 
following terms : — 

“I am to lake this opportunity to record th(‘ hi«l» estimate wliicli has lu'cr 1‘urmed 
hy II is Kxeelleney llie Govern or- General in Council of llie zeal and ability displayed 
during the several years ol* his incumbtmey oi‘ the ohiee of Meteofologiwil 
llcporler to the Government ot‘ India hy Mr. Blanford, who iias now ivtired 
from the service, and who was jHaetically llie foumler of systimiatic and uniform 
meteorological observations in India.” 

During 1889-90, six third-class observatories were established 
within India itself, while observations were also obtained for the 
first time after a long interval from the observatory at Trivandrum 
maintained by the Maharajah of Travancore, and from that at 
Bhavnagar maintained by the Thakur of that State. Voluntary 
observatories were established at Shortt’s Island near Chandabally, 
and at Lungleh in the Chittagong Hill Tracts, during the past year, 
and useful observations obtained theretrom. From the distant 
station of Zanzibar some excellent observations were obtained for 
over a year from Dr. Charlesworth, the Medical Officer, but he was 
theu, unfortunately, invalided home, and Mr. Eliot thinks it may 
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bo well, under the ciroumstanccs, to devote tbe cost to maintaining 
fresb observatories in Burma. At the Seychelles, another distant 
and isolated station, arrangements wore made for joining with the 
Director of the Mauritius Meteorological Service, and so obtaining 
improved observations. A set of iiistrumoiits were supplied in 
March 1888 to Dr. Woolbert, Medical Ofhcer attached to the military 
officers on special duty on the I’erso- Afghan frontier, in order that 
a series of observations might be taken at Mashhad, on the Perso- 
Afghan frontier. These have been received from September 1889, 
and are of very considerable interest. Mr. Eliot has also taken 
steps to establish observat(jri(.‘s at Perim and Panmben. The former 
is much wanted in order to furnish meteorological data of the 
southern part of the Red Sea, of which is not sufficiently i'ej)reseuta- 
tive, and the latter in connexion Avith the Bay of Bengal Storm 
Signal Service. Additional <d)sorvatorios are much W'anted in 
Burma, in order to elucidate the nuiteorology of that area, and 
ascertain the part it plays in deflecting the south-west current of 
the Bay of Bengal, and in ])roducing variations in its strength, and 
the distribution of rainfall in North-Ea,st India. But it is 
undesirable to open out new observatories in that province until 
railway or tolegra])hic connnunication has been extended to all the 
more important districts. Certain ])arts of India too are imper- 
fectly represented, for instance, tlio north-west coast of Kathiawar, 
certain parts of the Deccan (North-Bast Haidarabad), the easttini 
districts of the {.'cntral Provinces, and certain i^ortions of Chota 
Na*gy)iir, Rajputana, and Centi-al India. 

Progi-oss is being made in the introduction of a uniform system 
of rainfall registration, and in 1889 a common hour, 8 a.m., was 
adopted. Rainfall charts and statements of a far more comj)re- 
hensive character than before are now prepared, giidug an 
accurate and fairly comydeto view of the progressive distribution of 
rainfall over tho country. A weekly summary is published in the 
“ Gazette of India,” and rainfall charts drawn by hand are prepared 
weekly for the Viceroy and the Agricultural Department. Mr. Eliot 
has, however, suggested further changes of importance, including 
the adoption of a common type of rain-gauge (t.e., Symons’) 
throughout India, the supyily and testing of all rain-gauges by the 
Meteorological Office befor(^ issue, more frecynent inspections, the 
examination of all rainfall data for elimination of errors, and the 
annual publication of tho rainfall data for the whole of India in a 
complete form for the use of engineers, irrigation officers, 
meteorologists of all nations, sanitary authorities, and generally 
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speaking, all persons interested in the subject. These reforms are 
now under the consideration of the Government. 

A seasonal forecast, based partly on information of the snowfall 
in the mountain districts of Northern Inilia during the previous 
cold weather months, and partly in the distribution of pressure in 
April and May, was prepared by Mr. Eliot, and published in the 
“ Gazette of India ” on the 13th of June. The main conclusions 
regarding the south-west monsoon of 1889 were as follows : — 

(1.) The weather conditions in May over the land area, and the 
character of the cold weather snowfall were both favour- 
able to the probable occurrence of an early and strong 
monsoon. 

(2.) Conditions were unusually favourable for heavier rain than 
usual over the whole of North-East India, including 
Burma, Assam, Bengal, Behar, and the greater part of the 
North- We.stern Provinces. 

(3.) The conditions in the Peninsula were, on the whole, favour- 
able, and lienee it was probable that the Bombay monsoon 
current would be at least of normal strength, and give 
normal rainfall over the Peninsula generally. 

(4.) The conditions in Upjicr India, and more especially the 
Punjab, were more or less unfavourable ; and 

(5.) So far as could be judged from the observation it was, on tho 
whole, probable that Ganjam and the Northern Circars 
would receive at least normal rainfall. 

A comparison of the statements of actual rainfall results with 
the fox’ecast shows a very fair agreomemt. In fact, with the 
exception of Burma and Bengal, where the rainfall was normal 
or very slightly in defect, and in the North-West Provinces where 
it Avas considerably in excess, the forecast was fully verified. 

The Bay of Bengal Storm- Warning Sc'rvico was satisfactorily 
performed during the year, cautionary telegrams being despatched 
in good time in every case. Ample warning Avas also given from 
Simla to the west coast ports under the new arrangements for tho 
Bombay Storm Signal Service. In the Bay of Bengal one of 
the most pressing needs in connexion with storm-warnings is the 
question of telegraphic communication Avith Port Blair, in the 
Andaman Islands. Not only are tho largest and most intense 
cyclones generated in the centre of the Bay near the Andamans, but 
the proximity of the ports of Basseiii, Moulmein, and Rangoon to 
this cradle of storms, and their distance from Calcutta from 
which point, nevertheless, they have to bo warned, has induced 
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Mr. Eliot to record his strong opinion that it is desirable, if not 
absolutely necessary, for the warning of the Bengal and Madras 
coasts and almost essential to the proper and complete protection of 
the Burma coast that the cable should be laid. Tho Government 
have, however, not felt justified in sanctioning such large outlay, 
considering that such telegraphic communication av:is not urgently 
required at the moment for any other object than for meteorological 
purposes. Consequently this important measure is necessarily 
postponed for the present. 

The general administration of tho obsevvatories and offices during 
the year 1889-90 was in the hands of the following officers: — 


Names. 


Office. 


Trovince. 


j Jolin Eliot, Ksq.,M,A., ' 
' r.U. Mot. Soc. j 
\V. L. Dalian, Esq. - , 


C. Little, Esq., M.A. 
J. ir. Gilliland, E.sq., 
JLA. (0%.) 


Meteorological Koporttr to tlu; 

(lovonmuait of India. 

Eiist Absistarit Moteorolomcal 
Iteporter to tinf (lovenniHGit of , 

India. I 

Second Assistant l\r'.‘tcorolo;>fi<*al j 

lk*])orler to the Government of i 

India. I 


SC'eiUral Ollice. 


La la H(‘Ui Eaj - 


^ A. Pedler, Dsq.,'] | 
F.C.S. 1| 

C. Little, Esq., M.A. M 

(P%-) J 

J. R. .Holt, Esq.,] 
CS. ( 0 %) 

W. N. Boutllower, 1 
Esq., B.A.((%r.) 

S. A. Hill, Esfp, I 
ILSe., F.IL Met. 
Soc. J 

W. L. Dallas, Esfi. 

S. A. Ilnteliinson, 
Esq. 

Miss Isis Pog.8on, F.R. 
Met, Soc. 

Dr. G. O.Cliesnaye O 
Dr. J. Richardson - > 
Dr. J. G. Pilcher -J 
Dr, C. Little - 
Dr. D. Sinclair 


Persoiitd Assistant, tiaj Miteoro- 
lo^ical Reporter to the Goveru- 
nient of India. 

M(‘tcorolo»ijical Reporter to the | Benirnl and A.ssani. 
G()\ eminent of Bengal. 1 


{ North-Wo.st(‘rn Pro- 
vinces, Oudh, liaj- 
j>ntana, and Central 
India (part). 


Meteorological Reporter to tln^ Punjah. 

Government < f the Punjab. 

Meteorological Rejiorter fc'r Bombay, Borar, Raj- 
VVcsteni India. jintana, and ('entra] 

: India (p.art). 

Meteorological Reporter to the ! Madras, Myson*, 

Governmenl of Madras. I Coorg, and ITaidar- 

I abad. 

Sanitary Commissioners, Central j (v%^ntral Provinces. 
Provinces. i 


Sanitary C^nnmissioner, Rerar ^ Berar. 

Sanitary Commissioner, Burma - Burma. 
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CoLABA AwD Madras Observatories. 

The Govorn|foent_Observa^ry at Oolaba is under the direction 
of Mr. Charles Chambers, F.R.S. It is devoted principally to the 
record and publication of facts and the prosecution of inquiry in 
terrestrial magnetism and meteorology, to astronomical observation 
for the purpose of time-keeping, and to the signalling of time for 
purposes of navigation. The results of the observations are pub- 
lished annually in the form of a quarto volume. The autographic 
instruments, which are maintained in continuous action, are the 
following ; — 1. Declination magnetograph. 2. Horizontal force 
magnetograph. 3. Vertical force raagnetograph. 4. Barograph, 
5. Thermograph, dry - bulb and wet - bulb. 6. Pluviograph. 
7. Anemograph, direction and velocity. 

The harbour clock and time-ball are worked by electric current 
from the Observatory, which is also charged with the custody of a 
store of Indian Government and Admiralty chronometers. Chrono- 
meters of merchant ships are also received for rating. 

There is also an astronomical observatory at Madras, until 
lately under tile direction of Mr. N. R. Pogson, C.I.E., who held the 
post of Government Astronomer from 1800 until his death on June 
23rd, 1891. This observatory gives uniform time to the greater part 
of India for railway and other purposes, audits longitude'*' is the fixed 
point of the departure of the Trigonometrical Survey of India. 

From the period of his taking charge up to 1885, Mr. Pogson 
discovered the following six mi nor planets between the orbits' of 
Mars and Jupiter : — 


Name. 

Date of Discovery. Period of Kevolntion, 


y. 

M. 1). 

Asia 

- 1861, April 17 - 3 

9 5 

Freia 

- 1864, February 2-6 

3 23 

Sappho - 

- 1864, May 3 - 3 

5 22 

Sylvia 

- 1866, May 16 - 6 

6 0 

Camilla 

- 1868, November 17 6 

6 7 

Vera 

- 1885, February 6-5 

4 24 


Asia was so named on account of its being the first astronomical 
discovery made in that quarter of the globe, Freia was first dis- 
covered by Professor D’ Arrest, at Copenhagen, 1862, October 21st, 

* Its latest determiuation of longitude, as mentioned on page 2VA, is 80^ 14' 50*03" E. 
of Greenw ich. 
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but was lost owing to insufficient observations having been secured 
to render the calculation of its orbit definite. It was re-discoverod 
independently at Madras. A bright telescopic comet was found at 
Madras, 1 872, December 2iid. It remains a disputed point whether 
this was a re-discovery of the lost periodical comet of Biela, or 
whether the comet was a new one. Eight now variable and tem- 
porary stars were also discovered, particulars of which, including 
name, limits of magnitude, and period of variation, will bo 
found at page 520 (note) of Vol. I. of the Madras “ Manual of 
Administration.” 

The death of Mr. Pogson has now necessitated a reconsideration 
of the position, organisation, and equipment of the Madras Obser- 
vatory, as well as the question of the utilisation of the large mass of 
observations awaiting publication. This matter is now under the 
consideration of Government. Mr. C. Michio Smith, F.R.A.S., 
F.R.S. (Edinb.), is in temporary charge of the Observatory. 
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XIV. 

TUB STATISTICAL SIJEVBY OF INDIA. 


Tlie last (locacle has witnessed the comjdotion of an important 
undertaking in regard to oin* statistical knowledge of India, for 
the statistical surA^ey commenced under the auspices of Lord Mayo, 
and ])laccd under the supervision of Mr. (noAv Sir William Wilson) 
Hunter, was brought to a successful conclusion. It was tho 
first systematic ])roject of the sort, and at the same time, through 
local co-operation, it Avas exhaustive. A brief review of the 
previous efforts in th(? same direction, condensed mainly from 
Sir W. W. Hunter’s account, as giv(m in the ])reface to tho 
“ Imperial Gazetteer,” is here desirable. 

So far back as 1807 the (.’ourt of Directors of the East India 
Company wrote to their representatives in Bengal “ that a 
“ statistical surve^y of the country Avould be attended with much 
‘‘ utility, Ave therefore recommend proper stei)s to be taken for tho 
“ execution of tlio sa,me. 

The first attempt to make a statistical surA’^ey of Bengal dates 
from 1769, four years after tlm province (aimc into the hands of 
tho East India Company. 

During the present century the Company issued a series of 
instructions foi‘ a systematic investigation into tho resources of 
their dominions, the latest orders being thix'e years before tho 
administration of India passed from tho Company to the Crown. 
During the ten years which followed the transfer of poAver, a new 
set of efforts Avas made, tlie chief being tho inquiries in the Central' 
Provinces, under the direction of Sir Richard Temple. At last, 
in 1867, the Government of India, under instructions from tho 
Secrotaiy of State, ortlerod an account to be drawn up for each of 
the twelve great provinces of India. 

The provincial administrations struck out widely divergent lines 
for this scheme. It Avas just as if (Mr. Hunter remarked) a 
command had boon issued from some central power for a statistical 
survey of all Europe, and each iiation set about its execution on a 
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separate plan. It became apparent tliat vast sums of money would 
bo expended, wliilo considerable uncertainty existed as to tbe 
results. In the meantime, the Royal Asiatic Society pointed out 
that when the local accounts came to be digested, there would be 
no basis for comparative statistics, and much “ of the original work 
“ would have to be gone over again (h> novo.” This ojnnion Avas 
shared by tlu', Govornor-Greneral in Council, and Mr. Hunter Avas 
directed to visit the various local governments and “ submit a 
“ comprehcnsiv'^o scheme for utilizing the information already col- 
“ locted, for prescribing the principles, and for the consolidation 
“ into one work of the whole of the materials that may be 

available.” The previous clfoi-ts AV'ere reAuewed by the Viceroy 
in a resolution dated 8th September 1871, the AA’^eak jioint being 
shown to be the absence of a central organization, and the Avant of 
a settled plan. 

Mr. Hunter’s scheme was submitted to the GoAairnor-General in 
Council in LSGO,'-’ and receiA'od the approval of the Government, 
who further secured for the ('xecution of the design the supervision 
of the designer. Mr. Hunter, Avho had been attached to the Hongal 
Secretariat, and acted as Under Secretary to the Su])rome GoA^ern- 
ineut, was ap])oinied Director-General of Statistics Avith a AdoAV 
to the construction and execution of a Statistical Survey of 
India. The object of the undertaking was to ])rovido a 
storehouse of statistical information for the controlling body, for 
administrators in India and for the public, and the operations were 
to •extend over ten sepaiatc Governments, Avhich, AAotli their 
Feudatory States administer a territory 1.5<)(),00() square mih«. and 
govern a population then estimated at 200, 000,000 souls, but since 
found to bo at least 255,000,000. Roughly speaking, this area and 
population may bo likened to those of all Europe, excepting Russia. 
With the vieAV of uniformity in the supply of materials, Mr. Hunter 
drew up six scries of leading questions, illustrating the topo- 
graphical, ethnical, agricultural, industrial, administrative, and 
medical aspects of an Indian district. These soived as a basis for 
the statistical survey throughout India. In this way the unjiaiil 
co-operation of the administrative staff throughout tlu; 240 districts 
of India Avas enlisted, the best local knoAvledge aa^s brought to 


* Plan for ii Statisticul Sm voy and iiu Imjiorijtl Gazoltocr of India. Printod at the 
Jlome Secretariat Press, Ciilcutta, 144 pp., folio, 1S7(). 
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bear, while in each province a paid editor was answerable for tho 
completion of tho provincial account ; the general supervision of 
the undertaking resting with Mr. Hunter, as Director-General of 
Statistics to the Government of India. 

The district forms the administrative unit in India, and the 
province tho administrative whole. The statistical survey groups 
all the district materials into fiftcou provincial accounts or 
gazetteers. 

The Feudatory States and Ohiefdoms, exceeding 300 in number, 
with 50,000,000 of people, were from the first placed outside of the 
scope of the statistical survey, as it was thought the native princes 
would have misunderstood any attempt at systematic investigations. 
Steps were taken, however, to collect some of tho information 
already existing with regard to Native States ; but no regular survey 
was attempted, and a census of tho ten’itorios did not exist, there- 
fore, as a whole, the results as to feudatory India are far inferior to 
the rest. This was due to the political exigencies of the case, which 
were of course beyond the control of the Director-General of 
Statistics. 

The reduction of the numerous volumes of the Statistical Survey 
to a practicable size for general reference was the last stage of the 
undertaking, tho results of this being the nine volumes of tho 
“ Imperial Gazetteer.” A list of towns, livers, mountains, historic 
sites, religious resorts, commercial fairs, harbours, or other places 
of importance, were compiled from returns contributed by the 
provincial editors and district officers. Eleven thousand names u'^ero 
thus arranged in alphabetical order and printed in a folio volume, 
and after that they had been checked by the local governments, 
about 8,0(X) places wei'e selected for inclusion in tho “ Impeiial 
Gazetteer.” A few model articles were also drawn up for the 
guidance of the contributors, showing paragraph by paragraph the 
method of treatment. In this way the preparation of the work was 
arranged for. 

The bases of the statistics in the Gazetteer were the figures 
of tbe census of 1872, but in certain provinces reliance had to be 
placed on enumerations taken in 1867 to 1871, while the adminis- 
trative and trade statistics were brought up to 1875 and even as far 
as 1880. 

In its historical aspect, Mr. Hunter considered that the work was 
deficient, and the following extract from his preface to the 
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G-azetteer throws an interesting light on what was requisite and 
what was actually achieved in this direction : — 

“ Tf the history of India is over to be anything more than a record of conquest ami 
crime, it must be sought for amongst the people thcin.selves. Valuable historical 
materials had bcfii collected fur the Statistical Survey, ami in 1877 the Secretary of 
State for India decided that a wider scope should be allowed me for their use in the 
^ Imperial Gazetteer/ I have done my betst to give ctfoct to that view, and it will ho 
seen that for the first time in these volumes that every Indian distriet has its own 
history. Tlie true territorial unit of Indian history is, indeed, much smaller than the 
British district. For example, he who would study the hi.^tory of Oudh must search 
for it in the pargana or parish ; in other parts of India the zamindar or (‘state is the 
historical unit ; in others the ehudship, while in a few the rural districts wcr(‘ mere 
ajjpendages to the great cities. Had it been permitted me tosnl)je(*t the rural aioialsof 
India to systematic inquiry, as I wished, a rhdi harv(‘st would have been gather(‘d in.” 

The latitucleB Jind longitudes of the different localities were supplied 
by the department of the Survoyor-CJeneral of India, while areas, 
distances, and similar data were furnished from the same source. 
The statistics were not strictly comparable and not thoroughly 
accurate, but India was thou and is even now in irs infancy as 
regards statistical data. When the survey was begun no one knew 
exactly the population of a single province of India, or of a single 
district of Bengal. In tlie latter ])rovmce the census of 1872 
suddenly disclosed the presence of 22,000,000 of British subjects, 
whose existence had never jirevionsly been suspected, 'fhe popula- 
tion of Bengal and Assam up to that time reckoned at 40,000,000 
was ascertained in 1872 to amount to 07,750,000 of souls. 

A uniform system of si)elling of Indian proper names had long 
been discussed, and was one of the essential preliminaries of the 
“ Inipevial Gazetteer.” In tho old gazetteers the same word appeared 
under many forms, one town being spelt in eleven different ways, not 
one of which was correct, and in order to be sure of finding a place, 
a student had to look it up under every possible disguise. A know- 
ledge of the vernacular languages of India and of Sanskrit is neces- 
sary to enable one to spell the native names correctly in the native 
alphabets, and a scientific system of transliteration into the English 
characters was a further essential.* 

* There is a strong plea for the correct and uniform orthography of proper names in 
Ml*. S. E. Peal’s “ Note on the Origin and Orthography of Biver Names in Fui-tlier 
India” Proceedings of tho lioyal Geograpliioal Society, p, 00 of 1880). Major 
Raverty too is a doughty champion in tho same cause, see his “ Nob's on Afghanistan,” 
passim. Dr. Burgess 1ms recently contributed a suggestive article on the same 
subject to the Royal Scottisli Geographical Society’s Magazine. See aho Report on 
Uniform System for spelling Foreign Geographical Names” (Navy Department), 
Washington, 1891. 
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Bound this question there liad raged a battle for over a hundred 
years. Sir William Jones, the first scientific investigator of the 
subject, showed that there wore practically two systems of exhibiting 
Asiatic words in English, the “ scientific ” and that subsequently 
called “ phonetic,” the first being based on “ scrupulously rendering, 
“ letter for letter, without any particular care to preserve the 
“ pronunciation,” while the second proposed “ to regard chiefly the 
“ pronunciation of the words intended to bo expressed.” 

In the early years of British rule, the Indian proper names were 
written down simply by ear, without any attempt at correctness, and 
Mr. Markham, in his chapter on the orthography of Indian names, 
in the “ Memoir,” gives some amusing instances of this, such as 
“ Bir Roger Dowlcr ” for Siraju’d-daulah ; Crotchy for Karachi 
(Kurrachee), and “ Isle of bats ” for Allahabad. But when the 
British officers came to study the I'astorn tongues a reform was soon 
initiated. Major Davy, a Persian scholar, was a strong 8uppoi*ter of 
a phonetic system, and his plan was adopted in the “ Institutes of 
“ Timur,” which was published in 1784. Major Davy’s contempo- 
rary, Mr. Halhed, on the other hand, advocated and adopted a 
scientific system in his code of Hindu law, compiled under the 
orders of Warren Hastings in 1775. 

Sir William Jones, not satisfied with Mr. Halhcd’s system, devised 
the alphabet which bears his name. He provided for all the sounds 
used in Sanscrit, Arabic, and Persian, by the adoption of the Roman 
or Italian sounds of vowels. Sir William’s modification of the 
scientific method was called, after himself, the Jonesian system. 
Other champions arose; Dr. John Gilchrist and Mr. Hcinry T. 
Prinsep maintaining the supeiiority of the plionctic system, while 
Sir Charles Ti-evelyan and numerous missionaries upheld the scientific 
or Jonesian system. The contest was transferred, in 1858, to the 
columns of the “Times ” and other journals, andMr. Monier Williams, 
Professor Garratt, Mr. Eastwick, Mr. Marshman, Colonel Meadows 
Taylor, and the Rev. J. Barton, supported one view or the other, 
but with no decisive result. 

In 1808 a proposal was made by Mr. Burgess through the Bombay 
Geographical Society for the preparation of a vernacular and English 
index of Indian geographical names.* Sir William Hunter was 
instructed to prepare a system with a view to uniformity in the 

* Englisli indexes of all villages in the Bombay and Bengal postal circles have since 
been carried out at the instigation and largely under the direction of II, E. M. James^ 
BO.C.S. 
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spelling of these names, and his jilan was cveiitnally adopted for 
the gazetteer and for general use. No practicable scheme could also 
combine absolute precision. The Roman alphabet has, for instance, 
but one letter for the consonant ; the Sanscrit has four letters for 
it in its various modifications as a dental, lingual, palatal, and guttural. 
Again, the Indian alphabet has two separate letters for d, 
two for t, and three for s and sli. Indian names could, therefore, b(3 
represented only in an approximate manner in our tongue without 
the manufacture of a new Roman aljdiabet, with additional letters, 
by means of accents over the vowels, dots under the consonants, 
italics, or the like. In the system laid down by Hir William Hunter 
and adopted by the Government of India, dotted consonants ant 
rejected, as few accents as possible over the vowels are used, and, 
generally speaking, everything is avoided which Avould give the 
alphabet an un-English look. Moreover, names of important 
places which had attained a historical or literary fixity of spelling 
wore retained in their popular form, such as Calcutta, Madras, 
and Bombay. The method did not attempt to reproduce such 
fine distinctions as the four Sanscrit /i’s or such consonants as the 
dental and lingual t and d. But a uniform value was assigned to 
each vowel, namely, a and u as in Tu-ml ; e as in (jraj, vurJmnt ; and 
i and o as in police. The accented «, i, and u represented the long 
forms of the same vowels in Sanscrit, or the sounds in the English 
far, itier, and lure. 

The process of adoption of the uniform spelling of the geographical 
names in all Indian Government publications has necessarily been of 
slow growth. But the existence of a standard work of reference like 
Sir William Hunter’s “Imperial Gazetteer” has been a great 
step towards uniformity of spelling, and all new maps issued by the 
Surveyor-General’s department follow the prescribed spelling, so in 
process of time wo may not despair of seeing absolute uniformity 
attained wherever India is mentioned. 

The second edition of the “ Imperial Gazetteer,” ju-oduced in 1885, 
took as its starting point the census of 1881, which was also the 
first complete and fairly synchronous census of India. Its adminis- 
trative statistics refer chiefly to the years 1882-84, but in certain of 
the larger questions dealt with the facts were brought down to 
1885. 
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The archscological remains of India, apart from their artistic 
interest, are invaluable to the student of history, but it is only 
within comparatively recent years that their conservation has been 
undertaken by Government. This is regrettable, for, as has been 
truly remarked, delay in such matters is irreparable. “ Paintings 
fade from walls, scTilptured edifices are destroyed by the vigorous 
growth of trees and by ruthless modern builders in want of 
material, coins and inscriptions are mislaid or effaced, and all the 
works of man suffer more or less under the hand of time.”* The 
earlier notices of Indian antiquities were those of passing travellers, 
in whoso time the knowledge of the languages, literature, and 
history of the country was too scanty and undeveloped to enable 
them to appreciate the true significance of the monuments and ruins 
which they beheld. It was not till the foundation of the Asiatic 
Society at Calcutta in 1784, under the auspices of Sir William 
Jones, that any real attempt was made to critically examine Indian 
archmological remains. Since then the proceedings and journal of 
that body and of kin<lred societies at Bombay and Madras have 

* Markhum’s MeriiDir on the Indian Surveys, p. 1 must remark, however, that 

the practice of eartinji; away and utilizing tlic fragments of old temples of high antiquarian 
ini crest for oidinary modern building purposes has by no means been confined to native 
builders. So far back as 1784 Mr. Charles Graut, a resident at Malda, wrote as follows 

I imagine a number of stones sufficient for the pavement of the New Churtih, may bo 
“ collected from the ruins of Gour . . . all the remains of Gonrare unquestionably 

the property of Govcniinent, which we may dispose of at pleasure as was the custom of 
“ the Sottbahdars.’' (Historical and Ecclesiastical Sketches of Bengal. Calcutta, 1831, 
p. 188.) Fergiwaon in his “ Indian Architecture ” makes mention of an inscribed Asoka 
pillar converted by some utilitarian officer into a roller lor the station roads at Alla- 
habad. {Sex* page 53 ) Again, in 1885, a French archaeologist drew attention in the 
columns of the “Temps” to a gross act of vandalism, whereby no fewer than 40, (XX) 
cubic feet of stone, the ruins of decayed temples and palaces forming the ancient city 
of Chandravati,^ the early capital of Guj rat, were carted away by railway contractors. 
This is corroborated in Mr. H, Cousens’ progress reports on his tour in 1889-90 in 
North Gujrat. The geneial sulqect was brought to the notice of the Government of 
India, Home Department (June 10, 1886), and a Circular (No. 4, P.W. of Septembers, 
1886) was issued for the better protection of remains from destruction by railway 
contractors, &c. Ac. 
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become the repository of a mass of information on tlio subject. The 
first archiBologists were scholars of tlie typo of Sir 'William Jones, 
Charles Wilkins, Henry Colobrooke, Francis Gladwin, William 
Chambers, and Colin Mackenzie^'S followed by F. Bnchanan-Hamilton 
and Horace Wilson ; and the detailed investigations of these accom- 
plished savants are admirably told in the pages of Mr. Markham’s 
“ Memoir.” Their labours were preceded and su))plementod by a 
most meritorious collection in six large folio volumes of aqua-tint 
drawings (1795-1807) by the artists, Thomas and William Dauiell 
and James AVales, of the piincipal monuments and edifices of 
Hindostan. 

The next conspicuous name in the history of Indian arelueological 
research is that of JaracaJPriiisep, who became Secretary of the Bengal 
Asiatic Society in 1832, and to whose industry and genius we owe 
tlm decipherment of the edicts of the great Buddhist King Asoka. 
Prinsep was also one of the first to discover piositive dates in early 
Indian history. His labours were seconded by Mill, Masson, 
B. H. Hodgson, Bui’t, Kittoe, Postaus, and others of minor fame, 
while his /.eal and scholarship have be(m cmulatc'd by ids contem- 
poraries and successors, the more distinguished of whom have 
been Cunningham and Maisey in Upper India ; Meadows Taylor, and 
Wilson m Bombay ; Dr. B. G. Babington and Sir Walter Elliot in 
Madras; and Dr. Burgess for West(^rn and Southern India. But it 
is to James Fergusson that the elucidation of Indian architectui’e 
and art is ‘ inainly due, a task for which his genius and taste 
as yrell as his extensive journeys and I’esearches over the whole 
expansd of India had admirably <|ualified him. Apart from a number 
of papers in the transactions of learned socu'ties, ho was the 
author of an important Avork, entitled “ History of Architecture,” 
in which Indian architecture is classified and expounded. The 
following are the principal heads: — 1. rr^ijioric Remains, such 
as cairns, cromlechs, and other cognate remains of unknown 
age, constructed by an unknown peoj)lc, and scattered widely in 
different parts of India. 2. Ihiddhi^ Remains. — A wide interval 
separates the cairns and cromlechs from the Buddhist remains, for 
the Aryans who composed the Vedic literature built nothing that 

* Dr, Burpjoss, in a l(*arTie(l paper on Arclia*j)l()<i;i(*nl IvosoBrcli in Intliii,” roarl by 
him before tlift Oriental CoiigresB at Stoekliolui, in 188b. tJiAs that Maclvcn^.ie visited 
nearly every place of interest south of the Krishna river, and proi)ared over 2,000 
measured drawings of auticpiities, earcfully laid down to scab', besides facsimiles of 
100 inscriptions, with copies of about 8,000 others in 77 volumes. Of the drawings, the 
only portions published are those from Aniravati, and in “Trt‘c and Serpent Worship.” 
r T 2o;t2l. X 
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has endured to our time. For five centuries from 250 B.C. nearly 
all monuments in India are Buddhist and Jaina, consisting of rock 
inscriptions, lats or pillars with inscriptions, topes or stupas, rock- 
hewn temples, and viharaa or monasteries, the most important being 
the Sanchi tope in Bhopal in Central India, described by Cunningham 
and Fergusson, and the Amravati tope near the mouth of the 
Kistna, also described in the “Tree and Serpent Worship,” and 
by Dr. Burgess. 3. .Drai;id'i(in_^cclntecture.--This style extends 
over all India south of the JRiver Kiishua, aud the temples are of 
vast extent and magnificent design. They are recognisable by their 
pyramidal form, distinction of storeys, and separation, into com- 
partments by pilasters. 4. Bcmjnli Architecture. — These temples, on 
the other hand, have no trace oF division into storeys, no pilasters, 
and a curvilinear outline with a polygonal base. The style first 
, appears in the si.'^h or seventh century, and the best examples are 
found at Bhavaneswar, in Orissa, and round the temple of Jagannath, 
and thence across India ts far as Dharwar. 5. The Chnlulci/a style of 
Architecture prevails in Gujarat, Kanara, Mysore, and Rajputana. 
The Hallabid temple, one of its finest examples, Avas built at the 
same time as Lincoln and Salisbury cathedrals, and is considered by 
Mr. Fergusson to be among the most maiwellous exhibitions of 
jiatient human labour the worhl has ever jiroduced.* 6. The Jaina 
temples are numerous and elaborate, and have been described by 
Mr. Burgess. Th(' most .noticeable exam])les are at Batrunjaya, 
Gi riiar . Mount _A1>u, . and Badri, and they are found along the 
western Deccan as far as Belgaum, as Avell as in Bengal an4 the 
Central Provinces. 7. Lastly, the Maliammadan or Samconic Arelu- 
tectjure, in the form of beautiful mosques and tombs, is scattered 
over nearly all ]iarts of India except the extreme south. They range 
over distant periods, and combine the general features of Muham- 
madan with the impress in details of local native art. Striking and 
beautiful examples are to bo seen at Jaunpur, Ahmadabad, Bijapur, 
Delhi, and many other spots. The tomb of Akbar and the Taj 
Mahal, which represent the Mogul architeclure, are even more widely 
known, and have been thoroughly examined. 

In connexion with this subject, it may be useful to mention that 
Mr. Burgess classifies the buildings of Western India as follows : — 

1. Buddhist remains. 

« 

2. Brahmanical and Jaina Cave Temples 


• ffee History of Arcliitpctuiv, II., p. 609. 
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3. Riide and Sculptured monuments, &c. 

4. Temples, &c. in tlio Dravidian or Southern style. 

5. Temples in the Chalukya, Rajput or Northern style. 

6. Mediaeval remains. 

7. Modern Hindu remains. 

8. Musalman remains. 

The following extract from his notes on the pecuiiaritios of the 
various eras and styles, though sornewdiat lengthy, is interesting, 
and will serve to illustrate the above classification. 

‘‘ The eftrlu^t^{U:.C*Jjiitectuivd-reruxdus are Uioac of the Bnddhist.s, ranging from about 
250 B.C. to the seventh or eighth eentury A.D. ehieliy in th(‘ form of lotjk cut 
temples and monastery's. The dahgoba — large cyliudiical striielures witli a donuMl 
top surmountod by a capital — and the arched roofs of the Chaitya or temple-caves arc. 
characteristic murks of Ihuldhist caves, so also is the prevalence of the Chaitya window 
or horse-shoe-shaptid arcdi as an ornament; though in a modi/ied form, tliis is also 
found in (oirly Brahmanical buildings and e-ives. 'fhe vihants or monasleries have 
usually cells round tlieiu ofton with stone benches or beds insiilo. 

“ The style and siibj(‘cts of sculpture, wh<^n* there is any, Avill also geiu'rally indicate 
whether a cave is Hudvlhist or Brahmauical, and it should Ik‘. so deseril)ed. In Si mill 
there ar(*, at least, two Bmldhist topes, huge daligobas, usually of brick; and tluji'c are 
possibly a few ruiiu'd tein])les in the nortluu-n zilltihs of the Presidency that jnay have 
been Buddhist ; all such remains should he carefully iii(pilr<Hl for ami reporlc'd on. 

Caves. — Jaina eaves arc soniotiincs so like tli(‘ later Hnddhist caves at Ajanta that 
they are difficult to distinguish by those not versed iu their ])(*.culiarities. Those at 
Dhilrasihva are of this character ; generally the nudity of the images, their snakes, ami 
ringlets at once mark them. 

“ Brahmunical caves a-ru not so numerous as tlu‘ Bmhlhist ones, but they are quite as 
inter(*.siing,"7imT sfbareli might bring more of them to light. TIkt range' probably from 
the 5tlv to the Hth century A.D. Instances of S'aiva eaves are to be seen at Eh'phanta, 
and JogesSVari near Bombay, at Klura, arnl at Aihole and Badaini in Kaladgi, an<l.two 
fine V^aislniava ones at the last-named place, Brahmanieal cavvis, so far as yet known, 
consist of halls Avith a singl ) ctell or shrine, and occasionally, as at Elephanta-, with one 
or two small cells for utensils, &c., but Avithout rooms for monks along their sides, 
'rhe sect to whicdi a cave belonged is determined by the sculpt iires ; the Linga, Ganapati, 
S'iva, BhairiiA^a, Arddlianfiri, Ravana, Bhringi, Parvati, Mahisasuri, Ac., figuring 
prominently in S'aiA*a, ami Vishnu, Varaha, Nrisifilia, Virabhadra, Garuda, &c., iu 
Vaishnava caves. 

Monuments, — In Belgaum, Knliidgi, and elscAvhcrc there arc scattered groups of 
dolmens, formed of large rough slabs set on edge with a huge capstone laid over them ; 
there ai'C, perhaps, abo to be found barrows or mounds, as in Shorapnr, marking 
ancient places of sepulture. So little is knoAvn of them from competent investigators, 
that it is desirable to knoAv more about their numbers and distribution OA^er tlie 
country; of the local traditions respecting their origin ; of the different names, such as 
Kodi Kols, &c., by which they are knov/n ; and that those that haAC escaped destruc- 
tion at the hands of vulgar curiosity, or the hammers of Wadaris, should be carefully 
protected. Similar remains should be looked for in all districts, One dolmen was 
recently discovered in Northern Gujarat. 

X 2 
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Upriglit inoniiinental ston(JS or menhirs are loss common than the table-stone or 
dolmen, but instances of their existen(‘e should be noted. 

IViliyns and sati stones in Gujarat and Kaciih and the padukas or footprints of 
Sadhus are too numerous to register; but there are many varieties of each, and 
instances of the oldest and finest in each class should be noted. On the older paliyas, 
too, are sc ulptured the style of dress and warlike accoutrements of olden times — chain 
armour, horses in mail, bows and arrows, swords of various sorts, shields, javelins, &c,, 
and not unfrequently the names of reigning princes^ &c., with dates. Copies of some 
of these would be v(‘ry useful. For examph*, if the ]>riliya of Jjakha Phulani exists at 
Adkot and can be read, tlic date and t*ra on it would settle an important point in the 
chronology of Kaehh and Gujarat. Such as are likely to bo of interest should bo 
noted. 

Styles, — The Dravidian style of Hindu architecturii prevails ehiediy in the southern 
districts of the Presidency and of the Uaidara’oad territory, and is characteri/ed by its 
massiveness in walls, pillars, &c. ; Ihc principal architectural lincis in the roofs and 
spires are horizontal, making the latter resemi)le storcyi‘d pyramids ; and the V(U‘ti(!al 
bniaks in iho wall line are of but slight ))roj(‘ciion, sonu‘tim(‘s set oil with slondcT 
l)ilasters with or without seulptu res between. In the cailier reinnins of this stylo the 
j)i]lars arc generally vciy thick and square or octagon, with heavy bracket capitals ; in 
the latter they arc somcliuK'S round, and generally romarkabh' for the iiiimbei* of 
horizontal members on the shafts and bases; tin* capitals (excc[)t (h(‘ abaci) are 
circular with bracket sur-capitals. TIkj remains in this style Ixdong to tin* period 
between the 5th and early part of the l.'lth century. As exampU‘S ol“ it may ho 
mentioned the Kailas tcinphi at Eliira, the Seven Pagodas near Madras, and all the 
temples in the first nqiort of the Arehevoloyical Survey of IVestcni JinVia — only one 
at Pattadkal, represented in Plate XLYH., has a spire in iln^ Oh/ilukya style. 

“ The ('\iahikya style rang(*s from the 9th to the middh* of tin* 1 1th e(*ntury, 
and is characterized generally by more (dahoratene.'S of ornament, by balconi(‘s ami 
roolings siqiported by riehly-earvcd hrackids, by tlie outer faces of the walls of shi'im‘s 
being broken u]) into a series of jirojecting coiners witdi eipial fa(*es, and by pillaivS 
S(juarc ill section witli a projecting face on eacli side?, or like a sejuare pillar with a 
slightly narrower hut V(Ty thin jiilaster added to each side. These latte*, however, 
Avhile the tyjiical s(*ction was retained, w(‘re liable to giiait inodifieatioii from the great 
amount of sculpture ofleri lavished on them. Tlie sjiires are iirujiortionately loftier 
than those of the southern style, witli a coujde or more of suceessiv(; projections on 
each side: the faces and lines of projection are vertical at first, but higher up they fall 
inwards with a gentle curvt^ towards the summit, whie.h is erow'^ned by a halas or finial 
varying in form and size with the locality and ag(* of the building. The walls are 
ofU‘n elaborately carved with belts of figures, and the stones arc carefully fitted and 
clamped inside, but without mortar. Some of the fim*st examples of this style are to 
be found in the gates at Jhinjuwacla, the gat(;s and Hira Temple at Dahhoi, tin*, hmiplc 
at Mmlhera, and Rudra Mfda at Siddhpur in Gujarat, and in the Jaina Temples at 
Mount Abu, in the small tcmjde at Amaranath near Kfdyan, and in some shrines at 
Pattadkal and Aihoje in Kaladgi. 

“ To these two seems to have succeeded what may be called the mediaval style 
combining some of llic features of each, and covering the period from about 1150 to 
16(X) A.I). To it belong most of the dain tcnqdes and the later Hindu temples iu 
Gujarat, and Ihosc temples usually described as ‘ HemadpaiUi ’ in Kliaiulesh, Bcrar, 
and the Ilaidarabad territory, dating from about i\n) 12th to the middle of the 1*1 th 
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ccMituiy. Thoso icMnples and tlie hauris or wells iiiul reservoirs of the same stjle and 
n^e liavo boon very iinpcrfeetly examined; and as they often i)r(‘S(;iit features of 
considerable interest, all such examples, both of temples and reservoirs, should be 
carefully noted. 

Tn the modern Hindu styles from the l7th century there is considerable variety; 
the Muhammadan curved arch is often introduced; forms derived from the Dravidian 
have travelled northwards, and plaster and mortar take the place of sculpture and 
careful jointing. In some cases, more frequently in civil than sacred ediliees, however, 
very beautiful wood-carving is introduced, such as is to be sticii in many })arts of 
Gujarat ; the best examples of this might be noted. 

On the styles of the Muhammadan buildings in the Presidency and nidghbouriiig 
States, little need be said ; tlui eus])ed arch and the* dome arc their common 
characteristics, but the style ol the Ahmadabad and (hat of the Bijapur buildings 
present points of marked difh‘renee. A d(‘seription should l)c given of the more 
notahlo Muhammadan buildings at such places as (bey exi^f, witli notes of the form, 
size, and any special peculiarities, whether of style or ornamentation. 

‘‘ P(5rforated stono-woik occurs in old Ilimlu buildings; hut specimens reinarkahlo 
for the variety of beaiitilul diisign are chieily to he found in the Muhammadan works 
of the 15th and following centuries at Ahmadabad and Aurangabad, and, doubtless, in 
other scattered localities whei(‘ jMuhammadans of wealth liave at any time been 
settled.’’ 

Such are the principal epochs and stylos into which Indian archi- 
tecture has been grouped hy Mr. Fergiisson and Mr. Burgess, and 
which the patient researches of individual observers have done so 
much to illustrate. For a record of the latter wc must refer our 
readers to tho [)ages of Mr. Markham’s Memoir, where copious 
and detailed references to tho published accounts of these investiga- 
tions nj) to 1875 arc given.* 

During the last fifteen years tlio work of General Alexander Cun- 
ningham* and Dr. James Burgess deserves moat prominent mention. 
The former was an old friend of James Prinsep, and inspired by a 
like antiquarian taste and zeal he sketchetl out a plan (published in the 
Journal of the Asiatic Society of Bengal, XVII., Pt. I., p. 535) for an 
Indian Archinological Survey as far back as 1848. Fourteen years 
after. Lord Canning gave his sanction to a scheme, the object of 
which was the preservation of tho ancient monuments of Upper 
India, the rendering them easy of access, tho acquisition of correct 
copies of inscriptions and pieces of sculpture, and the facilitating the 

^ A viil liable moans of reference to the archsDological and scientific labours of Indian 
savants is furnished by the “ Centenary He view of the Asiatic Society of Bengal ” from 
17BI to 1883. The history of the society is written by the late Dr. Rajendrala 
Mitra, O.I.E. ; the archeology, history, mid literature by Dr. A. F. R. Hoeriile ; and 
the natural science by Babu P. N. Bose. The work was published at Calcutta 
(Thacker, Spink, Co.) in 1885, 
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studies of antiquaries and historiansf. General Cunningham was 
placed iu charge of the operations. His fi rst investiga tions lay in 
^he country adjoining the course of the Ganges, and forming the 
ancient kingdom of Magadha, the centre of Indian Buddhism 
during its period of ascendency. During this early epoch, two 
Chinese pilgrims, Fa Hian (A.D. 399-414) and Hwen Thsang 
(A.D. G29-45) visited India, and the localities, cities, and monuments 
described by them form important historical and topographic 
landmai’ks, which it has been the special aim of modern students and 
comparative geographers to identify. General Cunningham has 
obsei'ved that as Pliny follows the route of Alexander, so an 
inquirer into Indian archaeology should tread in the footsteps of the 
two Chinese pilgrims, Fa Hian and Hwen Thsang. Dr. Burgess, 
too, remarks that there was no Indian Herodotus. Strabo, or 
Pausanias, and that wo learn more of the history and ancient 
? geography of India fro-m these two Chinese travellers than from the 
I whole vast field of Saliskrit literature. 

During his first season, 1861-62, Geuei’al Cunningham identified 
a number of ruins of Buddhist structures, especially at Buddha 
Gaya, which, owing to the number and importance of its remains, 
has since at intervals occupied the 'attention of himself and his 
assistants. The following season was spent mainly at Kalsi, where 
an impression of King Aaoka’sj«scription, containing the nainea of 
five Grecian kings was taken, and at Mathura uJid at Delhi. The Punjab 
was the scene of General Cunningham’s explorations in 1863-64, 
during which he made good progress iu identifying the cities and 
peoples described in the expedition of Alexander the Great from 
the west bank of the Indus downwards, examining every site 
mentioned either by the Greek writers or by Hwen Thsang, and 
giving detailed accounts of Taxila, Manikyala, and of the scene 
of Alexander’s great battle with Porus on the Jehlain. The work 
of the following season lay among the ancient cities between the 

^ Lonl Canning's inir II tt*, dated 22i»(l flunuarv 1862, siiid, *‘Jt will nor. be to onr 
‘‘ credit, as nn enlightened ruling ])ow(‘r, if wo continue to allow such fields of 
investigiition as the mnains of the old Buddhist capital of Bihnr, the vast ruins of 
“ Kaiiauj, the plains round Delhi, studded with ruins more thickly than even the 
“ Cainpiigna of Borne, and many others, lo remain without more examiuatiou than 
they have hiuherto received Everything that has liitherto been done in this way 
‘‘ lias been done by private persons, imperfectly, an 1 without .system. It is iinjioasible 
not to feel that tliere are European Governments, which, if they had hold our rule 
“ in India, would not have allowed this to be said.” 
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Jumna and Narmada, and an interesting account of the Dhamnar 
caves was drawn up. General Cunningham had now examined and 
described the ruins and inscriptions in nine of the ancient kingdoms 
of Hindostan.* But in 18G6 the appointment of archaeological 
surveyor was abolished by Lord Lawrence, and for a time General 
Cunningham’s useful investigations were suspended, while he him- 
self returned to England. The interval was, however, profitably 
employed by the General in the preparation of an important and 
learned work on the apqient geography of India, in which the 
routes of Alexander and Hweii Thsang were traced and numerous 
historical sites identified. 

In 1807 public interest in the conservation of ancient monuments, 
and the collecting of photograt)hs thereof, again revived, and the 
Government of India issued a circular to the local governments, 
expressing their sense of the importance of taking steps in that 
direction, and calling for lists of monumental remains and works of 
art in the various provinces. The Govcn’iiment were prepared to 
assist in the })urchaso of private jihotograjdis, and to expend a sum 
of Rs. 52,000 a y(;ar for parties in the four largest provinces to make 
models, plans, photographs, and descriptions of the more important 
buildings^ . The Hcience and Art Dei)artment added the weight of 
their recommendation in the same direction, and oven offered to 
share expenses, laying stress at the same time on the expediency 
of making easts as well as plans and photographs of the finest 
monuments. 

The local governments placed the work under the lieads of the 
Schools of Art ; and in Bengal a party was sent to Orissa and took 
casts it" Bhavaneswar temples, and, during the second season, at 
Khandagiri caves. The superintendent of the Bombay School of 
Art went to Amaranath, near Kalyan, in the Konkan, and took a 
sei’ies of casts and also made a number of excellent drawings, 
afterwards published in the “Indian Antiquary,” III., 310-320. In 
connexion with this scheme also, Capt. H. H. Cole was sent to 
Sanchi, and made casts of the eastern gateway there, of which 
copies are to be seen in the South Kensington, Edinburgh, and 
Dublin National Museums. 

* General Cunninghain’.s four reports for the _ye«i’s 18(>2-()5, were re-puIJisln'd in 
two volumes ut Simla in 1871. 

I OoYonunent of Itulin, Home Hofuirtment Kesoliition, No. 14-931 of 21tb February 
1808. 
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The general interest thus shown was gratifying, but the impor- 
tance of conducting tlie researches in a more systematic manner, 
and on some definite plan became apparent. A suggestive and 
weighty despatch was addressed by the Duke of Argyll, then 
Secretary of State, to tho Indian Government*, which led to a 
resolution being passed to form a central establishment to collect the 
results of former investigations, to train a school of archaeologists, 
and to direct and systematise local and private efforts. This central 
establishment appears, however, not to have been carried into effect. 
\ Tho direction of the department charged with the work of surveying 
\ was offered to General Cunningham, whoso invaluable ?ervice»'Were 
j thus again fortunately secured to India. ”” 

Tho next year (1871) saw General Cunningham with his two 
assistants, Messrs. J. D. Beglar and A. C. Carlleyle, beginning work 
by a survey of the two groat capitals of tho Mogul Empire, Delhi 
and Agra. In 1872 Mr. Carlleyle was deputed to Rajputana, 
Mr. Beglar to Bundclkhand, while General Cunningham visited 
Mathura, Buddha Gaya, Gaur, and other sites. The explorations 
at Delhi, Agra, and in the Doab are described in Yol. III. of the 
series of reports, and the same work contains General Cunningham’s 
plan for tho execution of the survey. The fourth volume consists of 
the detailed reports on Delhi by Mr. Beglar, and on Agra by 
Mr. C/arlloylo, while the fifth deals with General Cunningham’s tour 
in the Punjab in 1872-73, during which an extensive collection was 
made of Buddhist sculptures of the Indo-Scythian period. 

In 1872-73 Mr. Beglar made an examination of tho old course 
of the ^n_ River, which appears to have run parallel to the 
Ganges for many miles, Pataliputra or Palibothra (Patna), tho 
capital of the Gangetic Provinces, being probably situated in the 
long narrow strip between the two rivers. Mr. Beglar thinks, 
however, that the achial site of. ancient Pataliputra is now under 
the waters of the Ganges, which, like the Son, shifted its course 
some little time before the Muhammadan conquest. It is diflBcult 
otherwise to account for the total disappearance of the fort, palaces, 
towers, and other buildings. The modem city of Patna dates only 
from the time of Shir Shah, 1641 A.D. A visit was also paid by 


• India, Desspatcli No. 4 (Public), dated 11th January 1870. See also Government 
of India Resolution, No, 649-650 of 2nd February 1871, and Proceedings of Sub- 
Commiltcc, Public Service Commission, Scientific Departments, pp. 27 ff. 
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Mr. Beglar to tho ancient temple of Buddha Gaya/'' to Barakar, 
T'elknpi, and ot'ner localities of archaeological interest in tho ancient 
kingdom of Magadha.t 

In 1873-74 and 1874-75 General Cunningham traversed nearly 
the whole of the western half of the Central Provinces, J his first 
attention being directed to the magnificent stupa of Bharhut,§ 
half-way between Allahabad and Jabalpur. Proceeding through 
Bilhari, a town formerly of considerable importance, as shown by 
its ruined temples and line tanks, .and Rupnath, where lies one of tho 
short rock-cut inscriptions of Asoka {m'. p. 369), General Cunningham 
made some researches at the great fortress of Singorgarh, a place 
famous for tho unprovoked attack made by the Muhammadan 
f Governor of Kara on the brave Hindu Princess Durgavati, whose 
i gi’eat wealth had excited the cupidity of her neighbours, and for the 
great battle which ensued (1563 A.D.), resulting in the death and 
defeat of Durgavati. General Cunningham also inspected the 
curious Buddhist caves at Bhandak, near tho AVarda River, and 
tho fine group of temples at Markandi on the Wain Ganga River. 
He also treats in his report of the country of the Gonds, called 
Gqndwana by the Muhammadans, which occupies the southern part 
of the region traversed during tho two seasons. I’ho true Gond' 
country, however, is of larger extent, and consists of tho long table- ' 
land which gives rise to the Tapti, the Waialha, the Wain Ganga, 
and the Narmada. In ancient times tho region would appear to 
have been called Gauda or Gaur, and General Cunningham identifies 
the* people with the Phyllitaj (leaf-clad) Gondali of Ptolemy. 
Tho tenth volume of tlie Archteological Sur\'ey of India Reports, 
issued in 1880, treats of two tours by General Cuiiuingham in ’ 
Bundelkhaud and Malwa in 1874-75 and 1876-77, the chief points 
of interest in which w'ero the discovery of several monolith capitals 

* A complete monograph on lluddha Gaya by the late Dr. Ivajciidrala Mitrn, C.I.E., 
was published in 1878. This work was reviewed by Dr. Bliagwaiihd Indraji and the 
editor, in the Indian Antiquary for 1880, pp. 113 f. and M2 f., and in Fergnsson’s 
Archajology in India (1884), pp. 84, &c. There are short accounts ol' Dr. Mitra’s 
antiquarian labours in the ‘‘ Times of July 3()th and “ Athenieum ” of August 1st, 
1891*. 

t Mr. Beglar’s Keport, with a preface by General Cunningham, and illustrated by 
plans and illustrations, forms Vol. VIII. of the Archceological Survey of India 
Reports. 

t Vol. IX. of the Archaeological Survey of India Reports. 

§ Described by General Cunningham in a separate work published by order of the 
Secretary of State for India in 167D. 
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and other remains of the time of Asoka and his successors, 
and of numerous specimens of -the architecture of the Gupta 
period. The General also vi8it^_.Khajnraho» in the small native 
State of Chatarpur, for the purpose of examining the Ghantai 
temple which, on the occasion of his previous inspection, he had 
considered to be a Buddhist structure, but which Mr. F. 0. Black, 
C.E., after careful examination, pronounced to be a Jaina temple.* 
This opinion was accepted by General Cunningham on his re- exami- 
nation of the building and its surroundings. Fresh visits were also 
paid to the great Buddhist stupa at Sjnphi, and a good number of 
pillars which formerly supported the cii’cular colonnade were dug 
up, besides 21 new inscriptions. An interesting square temple 
at Deogarh, apparently of 7th century date, with all the 
characteristics of the style of the Gupta period, and first brought 
<0 notice by Captain Charles Strahanf in the course of his survey 
operations, was also carefully described. 

During the next year General Cunningham examined many 
jcurious remains of Hindu architecture and sculpture of all ages. 
(Of the old Buddhist times there are the ancient mounds of Panch 
I Pahari, or the “ Five Hills,” close to Patna, from whence Akbar 
viewed the city when he was besieging Baud Shah, the last king of 
Bengal. Of the same age are the old temples and stupas of 
Sravasti and Tandwa. Of the IndorScythian period there is a veiy 
curious gi’oup of sculpture from Tusaran Bihar, near Allahabad. 
Two inscribed stone jiillars at Bilsar in the Doab belong to the 
(jupta age, while the period of Muhammadan rule was well repre- 
i ented by the grand old masjids at Budaun of the time of Iltilmish, 
A;D. 1202-09, by the magnificent masjids at Jaunpur, built by the 
Sharqi kings in the 15th century A.D.,J and also by the tomb of 
Sher Shah at Sasseram, possessing the largest dome in Northern 
India, and picturesquely built after the Hindu fashion in the middle 
of a sheet of water. Two identifications made by General 
Cunningham during the tour were of great historical interest in 
regard to the early career of Buddha. One was the famous 
Uruvilwa forest of vilwa or bel trees, whither Sakya Sinha 

• See Mr. Black’s paper in the Journal of the Asiatic Society of Bengal, Vol. XL V 1 1 f., 
Part I., 1879. 

t Eeport on the Topographical Surveys of India. 1870-71, Appendix A., Gwalior 
and Central India. 

t Subsequently visited and described by Dr. Fiihrer and Mr. Ed. Smith {see jjage 339). 
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retired for contemplation, and where he finally attained to Buddha- 
hood. The place is now represented by the small hamlet of 
Urel, which is a simpJS" contraction of the Pali name Uruwel, the 
bel forest, and the whole neighbourhood abounds with bel trees. 
The other identification is that of Nawal, near Bangarmau. as the 
Nava-deva-kula of Hwen Thsang. Another visit was also paid by 
the General to Buddha Gaya for the purpose of examining the 
surrounding country and making a survey of the ancient sites, and 
to the vicinity of Patna for the ])urpose of identifying various 
references to Pataliputra made by Fa Hian, Hwen Thsang. Arrian, 
and other old authorities. 

The twelfth volume of the series jirosents us with the results of 
tours in 1874-75 and 1875-7(5 in the Central Doab and Gorakhpur by 
Mr. A. C. L. Carlleyle, First Assistant, Archaeological Survey. In 
the Doab he examined the great mound of Tndor Khera, eight miles 
to the S.S.W. of Auupshahr on the Ganges, where he found a copper 
plate inscription of the great King Skandagupta, dated in the year 
14(5 of the Gupta era. He also discovered an ancient fort at 
Sankara on the Budh Ganga and other historical places in the same 
neighbourhood. Mr. Carlleyle claimed also to have discovered at 
Bhuila, 1'al, the site of the famous town of Kapilavastu, the birthplace 
of Sakya Buddha, for many centuries the most venerated of all 
the holy places of Buddhism. Tiiis supposed identification was 
accepted on a subsequent visit by General Cunningham, who 
traced there various minor sites associated with the life of Sakya 
Muni. The identifications were eventually, however, quite disproved 
. / by Dr. Fiihrer. 

During the same seasons (1874-76) Mr. Beglar was exploring 
the little-known tracts between Chattisgarh and Cuttak, as well as 
some interesting places in Rewa and the Central Provinces on the 
west, and in Orissa on the east. At Ranipur-jural in the State of 
Karund, there is a very fine example of the Indian Ilypcnthral 
temple, of which very few specimens exist, besides many other 
temples of various periods. The most ancient places visited by 
Mr. Beglar were the famous sites of Khandagiri, Udayagiri, and 
^hauli with their well-known rock edicts of Asoka. The groups of 
/ numerous caves at Marar-about 100 miles S.E. of Rewa, are without 
inscriptions, but are interesting from their extent, as well as from 
their position, in the heart of a very wild and picturesque country. 
Of much later date are the fine Brahmanical temples of Chandrehi 
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and Turturia, of which some views are given in Mr. Begla/s Report.’^ 
Wh’on those temples were built, the arts of architecture and 
sculpture in the Central Provinces must have been quite as 
flourishing Jis in any other part of India. The temples at Markandi 
on the Wain-Ganga River, and of Boram Deo in the Kawarda State 
of Chattisgarh, also bear witness to the same fact. General Cunning- 
liam concludes, therefore, that the whole of this part of the country 
must then have belonged to the powerful Knlachuri Rajas of Cliedi, 
and not to the aboriginal Gonds, whoso power was confined to the 
hills. 

Mr. Carlloyle continued, during the seasons 1875-77, his task of 
endeavouring to identify sites in the Gorakhjiui^di strict connected 
with the early history of the great teacher ,'^nddha Hakyamuui. lie 
made a complete exploration of the ruius.„a.t„Kasiai which General 
Cunningham had already identified with the ancient city of Kusi- 
nagara, where Buddha died-f This view is, however, questionoiTBy 
Pfblessoj’ Oldenburg and others. The ensuing seasons]; Avero devoted 
by Ml*. Carlloyle towards following up the further route pursued by 
Hwen Thsang, who after terminating his visit to Kapilavastu and 
its sacred neighbourhood, next proceeded in a south-easterly 
direction to pay his adorations at the various spots where Buddha 
had passed, after he had left his native place to enter upon the life 
of an ascetic. The districts, parts of which Avere traversed by 
Mr, Carlloyle during the three seasons 1877-80, were Gorakhpur, 
Saran, and Ghazipur, and in the course of his survey he discovered 
another inscribed pillar of Asoka at Rampurwa in the Terai, a,t the 
foot of the Nepal hills. The inscription is letter for letter the same 
as that on the two pillars near Betiya. The jnllar is lying 
prostrate, and in its fall the capital was broken, and the lower part 
of tho bell was found attached to the shaft by a massive copper 
bolt, proving that the Hindus were probably aAvare of the 
destructive properties of iron when used as a fastening for stones. 
General Cunningham believes that the art of stone-cutting was 
kiioAvn to the Hindus before the time of Alexander. 

In 1878-79 General Cunningham turned his attention to the 
Punjab, with tho object of seeing several of the rather out-of-the- 

* Vol. Xlll. of the Archseological Survey of India (Cuuningiiutn), Calcutta, 1882. 

t Vol. XVIII. 

J Detailed in Vol. XXII. 



INDIAN ARCHEOLOGICAL SURVEYS. 


333 


way places which, he had not previously visited, so as to complete 
as far as possible, a general exploration of the province. The 
temples at Baghanvala, Malot, and Ketas, were visited by Mr. 
Beglar, who then proceeded to Ali Masjid to excavate the various 
Buddhist remains, which had been discovered on the occupation of 
the place by the British army at the time of the Afghan Campaign. 
General Cunningham examined all the site.s to the south of Mauik* 
yala, which had boon visited by Genoi-al Court, and then proceeded 
to Shahdheri, the supposed ancient Taxila, to explore some spots 
that had been left untouched by General Ventura. Besid'es mis- 
cellaneous objects, such as figures and ornaments, thousands upon 
thousands of old Indian coins are found among the ruins of Taxila, 
which seem to indicate that the Hindus Avere in possession of a real 
coinage at the time of Alexander’s ox[)edition. After visiting 
.Kafirkot, the General inspected the site of Bohri, where the floods of 
the .Indus h.ad cut away paid of tlie bauk,'7uid rovealo<l the remains 
of an old stupa Avitli numerous Biuhlhist figures and lu'ads in 
stucco. Tlie fort of Ainb, Avithin the Salt Range, Avhich Avas visited, 
still possesses some Hindu temjiles. The great mound at Johlam 
had been described by both Generals Court and Abbott; recent 
diggings for the railway had brought to light relics dating from the 
time of the Greeks, and also from the most flourishing period of 
Kashmirian rule. Passing through Lahore, the General visited the 
lofty mound of China, 11 miles from Amritsar, Avhich he identifies 
Avith the Clunapati of Havgu Thsang, and crossing the Beas .River, 
explored various old sites in tlie %Talandhar Doab and east of the 
Sutldj. South-east of .Ambala, General Cunningham discovered 
the village of Topra or Tobra, from Avhich Firoz Shah removed 
the great inonolith of Asoka ; and his tour Avas brought to a conclu- 
sion Avilh the examination of the old battle fields famous in Hindu 
history which are grouped round ThanesAvar,* 

The folloAving season was devoted by General Cunningham to a 
tour in Behar and Bengal from Patna to Sunargaon. He first 
visited Buddha Caya where ho had the good fortune to pick up two 
di^tod inscriptions, one fixing the accession of Dharmapala, the 
seco^ Piince of the Pala dynasty of Bengal in S31 AvD. At 
Jahngria, the rock sculptures and rock-cut temple of Kahalgaon are 


* Vol. X1V.» AiTliiv.olo^ical Survey of India. — lleiiort of a tour in tlio Punjab in 
1878-79. Py Alex. Cunningliani, Major-General, C.S.I., C.1.10. Caleiitta, 1882. 
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very interesting, the latter more especially on account of its peculiar 
style, which differs widely from the highly decorated shrines 
of the mediaeval period. The Muhammad!^ buildings at Gaur a nd 
Hazrat Pandua, the two western capitals of Bengal, were carefully 
studied.* 

Gaur lies about 150 miles north of Calcutta. In former, dR’Js 
when the Ganges flowe<l past the. city, Gaur was the great 
mart where all the sugar of the northern districts was collected 
for exportation. But since the city was deserted by the Ganges, 
the sugar is brought to Rahanpur. G;au r was the capital of Balal 
Sen and . his descendants and their successors, the Muhammadan 
governors and kings of Bengal. General Cunningham thinks that 
I the old Hindiidiy. must have been about 4 miles in length, Avith a 
j mean breadth of about 1^ miles, while the ruins of the Muham- 
\ madan city extend for a length of 11 miles along the Bhagirathi 
river. When this river dwindled to a mere rivulet, and the refuse 
of the city was no longer swept aw<ay, a deadly pestilence broke out 
in 1575, and carried off fourteen of Akbar’s praAcipal. officers and 
the governor of the province. Since then, Gaur became gradually 
deserted, and at the end of the last century had become an uninhabited 
waste, covered with great forest trees and thick jungle, swarming with 
tigers, leopards, and wild boars, and full of swamps teeming with 
mosquitoes and crocodiles. But about 15 years ago Government 
offered the lands almost rent free, and the offer being eagerly taken 
up by the people, much of the jungle was cleared away. The ruins 
are very extensive, and are found scattered about the citadel, the 
city, and the suburbs. They include massive gateways, ramparts, 
inosques, and other structui’cs illustrative of the prosperous period 
of the Muhamrahdan occupation. General Cunningham claimed also 
to have discovered the site of the ancient capital called Paundra 
Varddhana by, Hwen Thsang in Mahasthan on the Karatoya.riyer.j;" 

* Gaur has been descrilrtl hy the late Mr. J. H. Jlavoiishaw in a costly volume, 
excellently illustrated by forly^lbur of his own pbotofijraphs, and ( won t.y- live plat^os of 
inscriptions. Tlie untimely death of the author in 1874 delayed the publication of the 
hook until 1878. 

t Mr. E. V. Westmaeott, B.C.S., in Janmiry 1874 lind identified Paundra 
Varddhana with Panjara-Borddhonkuti, or Ponrowa and Borddhonkuti (Indian 
Antiquary, Vol. III., p. 62, and Beal’s Hwen Tsiang, Vol. II., p. 194). General 
Cunningham’s tour in Behar and Bengal in 1879-80, is described in Vol. XV. of the Stories 
of Rc'ports of the Archicological Survey of India. The Report contains also some 
interesting notes on the history of Bengal from the earliest known times down to the 
16th Century. 
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Tbo season of 1880-81 was devoted by General Cunninghatn to a 
tour in North and South Behar.* Part of the season was spentun 
clea ring the Buddha (fa ra temple, in the course of which the 
sites of many of the holy places described by the Chinese pilgrims 
and some traces of the original temple of Asoka were identified. 
The rais ed p ronienade . or. cloistered walk along which Buddha took 
exercise was identified, as well as the vajrdsan, or famous “ diamond 
throne,” on which Buddha was said to have sat under the Bodhi tree. 
The result of the researches at Buddha Gaya, made in November 
1880, and again in February 1881, Avcre fully described in a special 
joint work by General Cunningham'and Mr. Beglar. The following 
season (1881-82) found General Cunningham in Ihc Central 
Provinces, exploring the old cities of Bajim, Arang, and Sirpur, the 
last of which he believes to have been the ancient capital of the 
country of MaharKosala, or Chattisgarh, as it now called, and 
obtaining copies of their ancient inscriptions. The remains of these 
three ancient sites differ from other temples in Northern India, not 
only in their ])lans, but in their decorations. They present no grand 
entrance to the front, which is quite open to the full breadth of the 
nave or hall, the only access being by small flights of steps from 
the sides. Their spires also are not so lofty as those of the mediaeval 
temples, and their external ornamentation bears a strong resemblance 
to that of the great Buddhist temple at Buddha Gaya. But the 
sculptures on the pilasters are all of Brahmanical subjects. From the 
inscriptions from these old cities General Cunningham was enabled to 
a frame an outline of the history'of Maha-Kosala, from the 3rd or 4th 
/ Centusy of the Christain era down to the conquest of the country by 
the Marathas. He also pai<l a visit to the great temple of Boram 
Deo, which is one of the finest buildings in the Cei|[tral Provinces, 
both in size and in richness of ornament, but which turned out to 
be much more recent than previously supposed. The tour finished 
at Mathura, where General Cunningham was fortunate enough to 
' find a llalf life-size alto-relievo statue of Herakles strangling the 
Nemsean lion. It appears to have been copied from some Greek 
original, and has apparently formed one side of an altar.f The 

/ group is now safe in the Calcutta Museum, after having been used 
as a cattle trough for years. 

* Volume XVI., Arclupologicnl Survey of India. 

t Vol, XVTI. of General Ciinninghiuii’s Keporip, denling with the above* tour is 
accompanied by a note on the aboriginal race of the Snuras or Savaras, and another 
note on Demon worship, which is intimately connected with the history of the same 
race. 
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During the cold season of 1881-82 Mr. Garrick made a tour 
for the purpose of photographing and exploring the old temples 
at Markandi. He also examined the remains of an old Buddhist 
monastery at Barmayan, which General Cunningham is inclined to 
identify with the monastery built by the Maharaja Sri Gupta 
for the use of the Chinese pilgrims who visited India. After 
visiting the ruins of the ancient city of Gurgi, in Rewa territory, 
Mr. Garrick was deputed to inspeet the excavations being made 
by a company of sappers in the Yusufzai district. Charsada, 
the ancient Pcukalaotis, about two 'mai’ches north-east of Peshawar, 
forms a central point of historical interest, well meriting further 
research. 

The season of 1S82-83 was taken up with the exploration of 
Eastern Eajputana.f In Alwar, General Cunningham visited the 
old capitals of Tojara, Rajgarh, and Paranagar, with various border 
forts, famous for centuries in the history of the Moos of Mowat, 
who, until thoir conversion to Muhammadanism, so successfully 
resisted the arms of the Mtihammadan kings of Delhi. The 
principal remains of the Meo rulers, consist of mosques and tombs. 
A visit was paid to the great fort of Tahangaih, in the ICaraidi 
territory, which had previously been unnoticed, although it was 
formerly one of the great forts of Upper India. It is now quite 
deserted, and is filled with thick jungle, and infested by tigers. While 
in this neighbourhood. General Cunningham visited the battle field 
of Khanw'a, where Baber defeated the gi’eat Hindu prince Sangram, 
and his ally Hasan Khan. Ho also found the Baoli well, built by 
Baber ou the spot where he poured out all the wine in his edmp, in 
fulfilment of a long neglected vow. In the Gwalior territory the 
chief place visited was the great Jaiua temple of Dubkund. It lies 
in the very heart of deep jungles, and has 3, 5 small chapels round 
the main building. The whole season’s tour was very fruitful in 
Muhammadan inscriptions. 

General Cunningham’s last two tours in Bundelkhand and Rctfa 
during the cold seasons of 1883-84 and 1884-85 are recorded in 
Vol. XXL of the Archaeological Survey of India. In the course of 
these he visited many places which had not been reported upon by 
the officers of the Department. The most notable of these 


* Vol. XIX., Archfpological Survey of India. — Report of a tour through Bohar, 
Central India, Peshawar, and Yusufzai, 1881-82. Calcutta, 1885. 

I Described in Vol. XX. 
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places were the great forts of Kalanja ra and Aja.jgarih, the strong- 
holds of the Chandels of Mahoba and tWr religious capital of 
Khajuraho, which possesses the most famous collection of 
mi^gnificent temples in Upper India, Two important inscriptions 
were also found, one at Lakhima, dating from shortly after the 
death of Skandagupta, and the other, still older, found on the 
Ginja hill, about 40 miles to the S.W, of Mlahabad, and dating 
apparently from the Seloukid an era, A.D. 140.* ** 

In 1885 General Cunningham^ resigned his post as Director- 
General of the Archaeological Survey. He had served no fewer 
than 54 years under Government, having been appointed Lieutenant 
iir the Bengal Engineers on the 9th June ISSl.f Ho was present 
"ai the battle of Punniar in 1843, and at the battles of Chilianwala 
and Gujrat in 1848-9. Cunningham was twice employed in Ladak, 
and his valuable work on that country is still a standard authority 
on the subject. In 18G1 he was appointed Archaeological Surveyor 
by Lord Canning, as mentioned above {see page 326), and, with a 
brief interval of four years (1866—1870), he was continuously 
engaged on these important duties u}) to his retirement. General 
Cunningham thus summarized his own labours : — 

“ 1 liavc identified the sites of tmiiiy of the chief cities and ino^'t famous jthutes of 
ancient India, sncii ns tlie Hock of Aornos, the city of Taxila, and the fortress of 
all connected with the history of Alexander the (irent. In India I linve 
found the sites of the celebrated cities of Sjinkisu, Sravasli, and Kansaiubi, all 
intimately connected with the history of Buddha. Amongst other discoveries I may 
mention the Great Stupa of Bharliut.on which most of the principal events of Huddhii’s 
life were sculptured and inscribed. I have (bund tlu*ee dated inscriptions of king 
Asoka, and my assistants have brought to light a new pillar of A.sokti, and a new te.\t 
of his Rock edicts in Baktrian characters, in which the whole of the 12lli edict, which 
is^wiinting in the Sliahhazgarhi textj is complete. 

“ I have traced the Gnpta stylo of aichilecture in the temples of the Gupta kings 
at Tigowa, Bilsar, Bhitargaon, Kuthera, and Beogarh, and I have diseov(!re<l new 
inscriptions of this powerful dynasty at Ei-an, Uflayagiri, ami other places. 

“ In illustration of my explorations and discoveries, 1 have published the following 
works : — 

1 , The Temples of Kashmir. 

“ 2. The Bhilsa Topes or Buddhist Monuments of Central India. 

« 8. Ladak, Pliysical, .Statistical, and Historical. 

“ 4.*Gteography of Ancient India. 

« 5. Coins of Alexander’s Successors in the East. 

• Vol. XXL, Parts I. and II. Archasological Survey of India. 

t He was son of Allan Cunningham, the well-known poet and man of letters. 

X The twelfth edict has since been discovered at Shttoiy^rhi, and published in the 

** Spigraphia Indica.” 

I Y 30821. ^ 
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6. Corpus Inscriptionum Iiidicarnm, Vol. I., Inscriptions of Asoka. 

7. Stupa of Bharhut. 

8. Book of Indian Eras, with Tables for the Calculation of Dates/’ 

These works, it may be observed, were, in addition to the series 
of 23 volumes of the Archasological Survey Keports, written by 
General Cunningham and his assistants, and reviewed in the present 
chapter. 

In accepting General Cunningham’s resignation, the Governor- 
General in Council “ had much pleasure in tendering to that officer 
“ the thanks of the Government of India for the distinguished 
“ service rendered by him during an unusually long career.” 
General Cunningham was created a K.C.I.E. soon after, and in 
1887 a special pension of Rs. 2»0QO per annum, in addition to his 
military pension, was rendered to him for his distinguished services 
as Director-General of the Archmological Survey. 

On the retirement of General Cunningham the Department was 
re-organised on a plan proposed by him. The Northern Provinces 
were divided into three charges or circles, each being entrusted to a 
surveyor, with a suitable establishment. In the Madras and Bombay 
Presidencies, the e.xisting arrangements were loft undisturbed under 
Dr. Burgess, but that officer was constituted the head of the entire 
Survey Department, and the channel for the submission of the annual 
reports of each survey party to the Government of India. The 
surveyors, in addition to tiio strictly archmological portion of their 
work, were placed on the footing of pi’ofcssional advisers to the local 
governments in regard to the repair and restoration of buildings of 
antiquity. These arrangements Avere sanctioned for a porio'd of five 
years from the 1st October 1885, but were modified early in 
1886 by the appointment of Dr. Burgess as Director-General for all 
India. Efforts wore now made by Dr. Burgess to utilise some of 
the material already collected. Provincial surveys had been con- 
ducted at a good deal of expense, both in the Punjab and North- 
Western Provinces by officers of the Public Works Department for 
several years previously; and much attention had been devoted 
to the great monuments of Agra, Jaunpur, Delhi, Lahore, &c. 
On examination of the drawings, however. Dr. Burgess 'found 
that the details on which so much of the real character and 
style of architectural art is dependent had not been drawn 
with sufficient care. Many of the smaller measurements were 
in error, and the proportions of ornamental work, mouldings, &c. 
overlooked. In the case of Jaunpur it was found that the whole 
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had to be re-ineasured and re-drawn. This work was entrusted *10 
the architectural assistant of the North-West Provinces survey, Mr. E. 
W. Smith, who conducted a very careful survey in 1886 and 1887. 

The report on “ The Sharqi Architecture of Jaunpur, with notes 
on Zafarabad, Sahet-Mahet, and other [’places in the North- 
Western Provinces and Oudh,” appeared in 1889.* The bulk of 
the letter-press was by Dr. Fiihror, and the architectural descriptions 
wore by Mr. Smith, while Dr. Burgess acttnl as controlling Editor. 
To the manuscript of his report Dr. Piihrcr added a bulky appendix 
of 46 Arabic, Persian, and Sanscrit inscriptions collected during 
his tour. Many of those were unknown before, and some were of 
great historical importance, especially in settling the ((uestion of the 
time of the first appropriation of the ancient Buddhist and Hindu 
temples by the Muhammadans. 

Jaunpur possesses much historical interest, as along the banks of 
the Barna are the sites of large cities, destroyed by fire. On tlie 
Gumti stood vast temples which ])erished on the first inroad of 
the Musalmans; but what founders and what antiquity those cities 
and temples boasted none can now say. The chief attraction.s of 
Jaunqnir are its masjids, which are unique in stylo and grandeur, 
their general features being exemplified by those of the AtalaMa.sjid, 
which consists of a courtyard, on the western side of which is 
situated a X’ango of buildings, the central one covered by a dome, 
in front of whicli stands a gate-pyramid or propylon of almost 
Egyptian character and outline. The throe sides of the courtyard 
were surrounded by colonnades, and on each side was a handsome 
gateway. “ These Jaunpur examples are well worthy of illustration, 
“ and in themselves possess a simplicity and grandeur not often met 
“ with in this style. ”f 

Dr. Ftihrcr remarks of this town : — 

“ If ill a visit to Jaunpur there he ineliincliol} , Is that inehineholy free from pain. 
You stand amid ruins, but ruins deiiled by no painful memories. Not here does each 
building recall centuries of blood, and lu.st, and crinu*. From the pinnacles of (lie Jtimi 
masjid you look down on tin* ghost of a iiohle city : trotis growing where once stood 
the palaces of princes. From the mound of the Fort, now so desolate, you look down 
on tite fair valley, bright with the meandeiings of the Giindi, adorned with trees and 
the thickly set tombs of men, many, doubtless, heroic men, though their deeds be 
forgotten, quia carent vate sacro. As yon look down from tlie upper chambers into 
the central hall of tlie Jami masjid, wlnm, as the evening draws on, the deeptming gloom 

* AVith 74 plates ; jirinted and published liy the Superintendent of (joveriiment 
Printing, India. Calcutta (Thacker); London (Trilbner and Allen), 1889. 

t Fergusson : — History of Indian and Eastern Arebiteeture, pp. 522-624. 

y 2 
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and the dimmer distaiH;e makes you feel as standing in a noble shrine of a more familiar 
faith, the voice of some worsliipper below, echoing tlirough the vaults, carrujs you back 
to a time wlien, through the same lattice, some queen looked down on king and 'nobles 
gleaming in the light of pendant lamps, with thf* gold and jewels of an Eastern court, 
as tliey listene<l to the words of some saintly philosopher seated on that very pulpit.” 

Other places visited and described in the same volume by 
Dr. Fiihrer are Zafarabad, Ayodhya, Bhuila Tal, and Sahet Mahet. 
But tbe plans, elevations, and other lithographs all treat of the 
Jaunpur masjids, which form the most interesting feature of the 
work. Dr. riilirer has since made tours in Bundelkhand, Jhansi, 
Rohilkhand, and Allahabad districts, and has completed the exca- 
vation of tho Kankali mound at Mathura, begun by Dr. Burgess 
in 1887, discovering many very ancient and important Jain 
inscriptions and sculptures. Mr. Smith, the architectural assistant in 
this circle, also made careful drawings, in 1880-87, at numerous sites 
in Bundelkhand ; in 1888, at Budaun ; in 1888-89, at Kalpi, Irich, 
Urchha, and Lalitpur ; and in tho following two seasons, a most im- 
portant series of the richly decorate darchitecture of Fathepur Sikri. 

In 1885-86, Mr. J. D. Beglar, General Cunningham’s former 
assistant, made a tour in Bengal, but his report was not altogether 
satisfactory. Mr. H. W. B. Garrick was engaged during this and 
the following season at Sasseram and Rohtas, making arclxitectural 
drawings of tho monuments at these places ; in 1888-89, he made 
a tour through northern Bengal, Jind obtained good facsimile 
impressions of two sets of tlm Pillar Edicts of Asoka, and of 
so much of that on the Bainpunya Pillar as was practicable, 
the pillar lying on its face. In 1887-88, Mr, Beglar Avas principally 
employed at Gaur and Pandua, and made a considerable number of 
drawings. 

Mr. Rodgers joined the Survey of the Punjab in January 1886, 
and during that season and the following two, he mad^ surveys 
at Nurpur, in the Kangra valley, and in the Jalandhar, Ambala, 
and Hissar districts, making a very considerably number of 
drawings and impressions of inscriptions, which it is intended to 
publish. He also made a large collection of ancient coins. In 
1888-89, he made a tour in Karnal, Ambala, and Ludhiana districts, 
during which his staff prepared a largo number of drawings. 

Archaeology has suffered greatly in India, as elsewhere, from the 
appropriation by private persons of such antiquities as come to light 
from time to time. Sculptures, rings, coins, engraved seals, gems, 
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and other relics have been occasionally carried off by officers of Govern- 
ment, both civil and military,'*' for their friends and to present to dis- 
tinguished visitors and tourists, or to adorn their houses and gardens 
at homo, at Simla and elsewhere. The demand and prices offered 
for such objects have become so great that natives are induced to 
search for them everywhere, both in British territory and in Swat, and 
neighbouring sites, where ancient Buddhist buildings of high interest 
exist, and owing to the random fashion in which the excavations 
are made, sculptures got mixed up, and their history and meaning 
are lost. Dr. Burgess mentions a case of three interestin‘.|;, but 
practically unknown, statues of royal personages, which were trans- 
ferred to the moss house at Mardan. Two of them wore doing duty 
as jambs to the fireplace, and had been coated with Day and Martin’s 
blacking to make tiiom shine ]n’oper]y. Dr. Burgess advised an amend- 
ment of the Treasure Trove Act VI. of 1878, which would make ft 
illegal, as in Greece, Italy, and Denmark, to export antiquities without 
an official permit. But the Government, on consideration of the ques- 
tion (see Ilosolution and Circular Arch. Proceedings, B. and A., 
dated 28th March 1889), did not see their way to adopt so drastic a 
course, and decided to call the attention of the local governments to 
the provisions of the Treasure Trove Act, which permits the govern- 
ment to claim possession of treasure exceeding ten rupees in value. 
With regard to antiquities of interest which could not be brought 
under the definition of “ treasure ” in the Act, they advised negotia- 
tion with the finder with a view to purchase. 

An iipportant appeal had been made to the Secretary of State in 
July 1873 in the shape of a memorial, signed by many of the most 
eminent statesmen and men of letters of the day, and urging the 
necessity of adopting systematic measures for the pre.-,ervation 
of historical monuments in India. A few months before, the 
Government of India had pointed out, in a circular to the Local 
Governments, that it was the duty of ail executive engineers 
to report upon the best measures for protecting from decay any 
public monument or building of interest, whether public or private. 
With a view to obtaining complete information regarding the 
architectural and historical monuments of the Bombay Presidency, 
Mr. Burgess was requested to frame provisional lists for the different 
collectorates of the Bombay Presidency and for Kathiawar, Gujrat, 

* See Memoranda of Dr. Burgess and Major Keith in tlnj Troccedings of the 
Government of India- (U. and A. Department), No. 3 (Archaeology), April 1B89, 
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the Central Provinces, and Berar ; and a revised batch of those 
provisional lists* was published in 1875 as one of the fascicuU 
memoranda of the Archjeological Survey of "Western India.f 

A list of the remains in Khandesh was prepared by Mr. Propert, 
the collector, and issued in 1877| as No. 7 of the fasciculi of the 
Western India Suivey, and the same year saw the publication 
of some “ Notes ” by Mr. W. P. Sinclair, Bo. C.S., assistant collector, 
Ahmadnagar, on the anticpiities of the Tahikas of Pamer, San- 
gamner, Ankole, and Koj)argaum, together with revised lists of 
remains in the Ahmadnagar, Nasik, Poona, Thana, and Kaladgi 
Zillas. These were issued as No. 6 of the same series of fasciculi. 
The latter was accompanied by a useful memorandum by Mr. Burgess, 
giving practical suggestions for identifying and correctly describing 
the local anti(piitie.s. The complete lists appeared in No. 11. 

Among the other /u.srjV ah' of this series, No. 9 (1879) contains 
notes on the Bauddha Rock-temples of Ajanta . their }>aintings and 
sculptures; and on the paintings in the Bag h paves in Central 
India; illustrations of modern Bauddha Jiiythology ; and the San- 
skrit inscription now at Cintra, with 31 plates. This contains a 
full description of tho famou ^frescoes .of the Ajanta oaves. No. 10 
(1881) contains inscriptions from the cave temples of Western 
India with descriptive notes, a Silahara copperplate grant, and 
three Sanskrit inscriptions now in possession of tho American 
Oriental Society. This is illustrated with 52 plates chiefly 
fac-similes of inscrij)tions, and was compiled jointly by .Dr. Burgess 
and the late Pandit Bhagwanlal ludraji, Ph. 1). Tho last addition 
to tho series is No. 12 (1891) on the newly discovered " Budd - 
hi.st_ caves , at Nadsur. .and Karsambla (with seven plates) by 
Mr. H. Cousons. 

In April 1880 tho Covernmont of India placed Captain 
11. H. Cole, R.E., on special duty for the purpose of examining tho 

* Tile first edition of tins List, with a Memorandum on the Survey of Ai*cliit('Ctural 
and other remains liad been submitted to the Government of Bombay in August 1870, 
and was I’oprintcHl in the JMiiiutes of the Government of India iu March 1871. 

I No. 4. Provisional J/ists of areliitectural and otlau’ archaeological remains in 
Western India including tho Bombay Presidency, Sindh, Berai*, Central Provinces, 
and Haidarahad, By Jas. Burgess, Bombay. Govtumnumt Central Press, 187o. 

J Architectural and arelnrological remains in Khandesli in 1877. Bombay Govern- 
ment Central Pros.s. No. 8 of the same series of Memoranda contains a descriptive 
list of Archeological Hemains in Sindh, w'itli plans of Tombs, compiled fi*om I’eturns 
by the District Oflicers, 1879. For No. 11, .sre ]). 340. 
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condition of the monuments of Lahore, Delhi,* * * § and Agra. Captain 
Cole instructed draughtsmen to measure and draw the structures, 
and submitted a report. In the following year, Ca 2 )tain Colo was 
gazetted Curator of Ancient Monuments in India, and received 
instructions to inspect the principal monuments throughout India, 
a duty which occupied him up to the 7th A})ril 1882. His first 
reportf contained a brief history of some of the chief measures 
taken during the century to preseiwo the monuments of India, lists 
of remains, and of works of roforenco, and some rather interesting 
detailed notes on structures and jinti(piitius in the vai'ious provinces 
visited by him during the year. 

The second report appeai’cd in 1883.J It fiirniohed a list of the 
drawings, sections,' elevations, and plans made by Major Cole’s 
officers, and an account of his own rounds of inspection, besides 
archoeological reports from several of the Local Govorninents. In 
more than one of the provijices some useful steps liad been taken. 
Mr. Grant Duff, Governor of Madras, liad been touring througli the 
Southern Presidency, and his visit liad given an imjictus to archeo- 
logical conservation and research. A special officer was a])pointed 
to undertake the repairs of the Marlras monuments, the appointment 
being offered to, and accepted by, Mr. P. C. Black, C.M.,§ who forth- 
with proceeded to Hampe or Bijayauagar, and the Seven Pagodas. 
At Bij ayanag ar the Avork of conservation Avas vigorously taken in 
hand, and 110 buildings cleared of jungle ; and at the Alaiva or 
Shore Temjile at Seven Pagodas, the sand Avas cleared away from 
the walls of the outer enclosure. For Central India, Major Ivoitli 
was aj^Aointod Assistant Curatoi’, and Avas despatched to Sanchi to 
effect clearances, to re-erect the fallen gatcAvays of the Great Tope, 
and carry out other repairs. This Avmrk was put in hand, and by " 

* A work on “ Tlio Arc.haiology and Monumental Utunains ot' Dcllii ” (2S1 ])[>. 8v(>.^, 
was produced by Mr. Carr Stoplien, in 1870 (Ludbiana). It contains a description 
and history of vvoiy object of anti<ii:arian inlcrosl in tlic jdacc, beginning witli tlio 
site of the comi-mythicid India-prastha, the capilal of Yudishtbira, wliicli is supp08od 
to date back to 1450 B.(b, and coiiclndiiig with the toinl) of the Bmperor Akbar II., 
who died in 1837 A. I). 

f Published at the (lovornment Central Press, Simla, 1882. 

J Second Report of tlie Curator of Ancient Monuments in India for tlio year 
1882-3. Calcutta: Superintendent of Govermnent Printing, 1883. 

§ Mr. F. C. Black eonlrihiited several papers on nrchtcologieal subjects to the 
Journal of the Asiatic Soei(‘ty of Bengal, lie died in 1889. A brief record of his 
public services will bo found in the Minutes of Proceedings of the Institub^ of Civil 
Engineers, Vol. XCVIIL, p. 402. 
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the end of the year quite a transformation had been effected. In 
the Punjab a grant of Rs. 38^000 was allotted out of the Govern- 
ment of India grant, and Lieutenant Abbott, R.E., was placed in 
charge of the operations, which consisted of the restoration of 
various impoi-tant monuments and buildings at Lahore, Delhi, and 
in the Jalandhar district. Excavations wore also caraioiimt in the 
Y usuf z ai district, north-east of Peshawar, and several new 
, sculptures, illustrative of the Grseco-Baktrian style of art were 
brought to light. Illustrations of some of these are appended 
to Major Cole’s report. In the North-West Provinces, the opera- 
tions were mainly entrusted to Mr. Heath, who made many 
useful restorations in the Fort of Agra, at Akbar’s tomb at 
Sikandra, at Fathepur-Sikri, Mathura, and Brindabau ;* aud in tho 
Nizam’s dominions a report was obtained from the Sadr Talukdar 
promising to take steps to effect several works of restoration at 
Kalburga and other places. 

Major Cole’s third Reportf was tho last of the Series, for in 1883 
the Government of India decided to entrust the work of preserving 
buildings and monuments of importance to the Local Governments, 
who were also desired by the Government of Indiaj; to take 
up the preparation of tho lists of ancient monuments, dividing them 
into throe categories : — 

I. Those monuments which form their present condition and 

historical or archaeological value ought to bo maintained in 
permanent good repair. 

II. Those monuments which it is now only possible or desirable 

to save from further decay by such minor measures as tho 
eradication of vegetation, the exclusion of water from the 
wall?, and the like. 


* Mathura aud Hrindaban have l)een treated in scholarly detail in “ Mathura : a 
Dis<lriet Memoir,” hy F. S. Growse, B.C.S., M.A., Oxon., C.I.E., second edition 
(N. W. I’i'ovs. and Oudh Governincnt Press, 18SU). 

f Published at Calcutta in ISbd. Major Cole also engaged iu survey work, and 
obtained sanction for a grant of Its. 5,000 towards I’cproduciug some of the drawings 
made. But, great exjwnse was incurred by tlie French firm entrusted with the work, 
and after 42,000 francs had been spent on 61 heliogravure photographs and 42 
lithographs, further expenditure was stopped by order of Government. The drawings 
were distributed in It) folio parts, without title page. 

I Resolution of Home Department (Archajology) No. 3 — 168 — 8.3, dated Calcutta, 
26th November, 1883, 
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III. Those monuments which from their advanced stage of decay 
or comparative unimportance it is impossible or unnecessary 
to preserve. 

The monuments in Classes I. and II. were to be further sub- 
divided, thus — 

I. (a) and II. (a). Monuments in the possession or charge of 
Government, or in respect of which Government must under- 
take the cost of all measures of conservation. 

I. (b) and II. {h). Monuments in the possession or charge of 
private bodies or individuals. 

Duo provision was to bo made for the proper custody and keo})ing 
up of the monuments in Classes I. and II., the detailed arrangc- 
ineuts being loft to the discretion of the Ijocal Oovernments, and 
the cost being charged to the Public AVorks Allotment of each 
province. In very special cases the Government of India promised 
to consider whether any further assistance shoul<l be granteil from 
Imperial funds. 

But when all these lists eventually came to be submitted, they 
were found to be drawn up on such very dissimilar plans, that a 
satisfactory amalgamation was hopeless. A prescribed form, con- 
taining blank spaces for insertion of ail necessary particulars 
respecting the district, locality, name of object, any local history 
or tradition regarding it, custody or present use, present state of 
preservation, whether restoration is desirable and possible, whether 
photograjdis, plans, or drawings of the buildings exist, and miscel- 
laneous remarks, was sketched out and the old lists were returned 
to the vai’ious provincial administrations to be revised in consultation* 
with the Archmological Department. Those for Madras, Bombay, 
and the Haidarabad assigned districts were drawn up and edited 
by Dr. Burgess. 

The Bengal list had been printed in 1879. and a revised list 
was issued from the Bengal Secretariat Press in 1887. In 
1885 the lists of antiquarian remains in Bombay, Sindh, and 
Berar were published. They had been compiled by Dr. Burgess 
from materials supplied by the Revenue, Educational, and other 
officers, and the task had proved anything but easy, owing to 
the unsatisfactory character of the data frequently furnished. 
A very favourite description was “ This temple consists of 
stones placed . one upon another,” an account which failed to 



346 


INDIAN ARCHEOLOGICAL SURVEY. 


convey any very precise idea of the structure, while the measure- 
ments, numbers of columns, &c. given by different officials respecting 
one and the same building were too often wildly at variance. 
Nevertheless the lists were a most important step towards a 
thorough knowledge and systematic preservation of the antiquarian 
remains of Western India, and they also served to show how 
wealthy the Bombay Presidency is in such antiquities. The various 
lists united, formed a volume of 340 pages.* The latest addition to 
these lists was issued in June 1891, containing a complete resume 
of the antiquarian remains and inscriptions in the North-West 
Provinces and Oudh, compiled by Dr. Fiihrer.f In this large 
volume Dr. Eiihrer has given a very full account of the remains 
at each place Avith references to all sources of information, the 
whole being carefully classified with complete indices. Dr. Piihrcr 
is known to have also made extensive collections in 1886-89 for 
a similar list for Central India. 

Western India . — In 1871 proposals were made by the Secretary 
of State for India for the preparation of a complete Avork on 
the rock-cut temples of Western India, in consequence of Avhich a 
scheme Avas submitted by the Bombay GoA’crnment in 1873, and 
Mr. J. BurgessJ placed in chai’go of the operations, the area of 
investigation being the Bombay Presidency and surrounding 
native states. Mr. Burgess’«.£list season’s AAa)ii<. lay in the Belgaum 
and Kala<1gi districts in the Soidhcrn Maratha country. At 
Belgaum he took photography. an (Lmqjdc plans of the Jaina temples 
as AA'ell as estampages of the inscriptions. A visit Avas also paid to 

• * Lists of the antiquarian remains in the Bombay rre.sidency. Compiled by James 
Burgess, LL.D., C.LE., Bombay (Government Central rres.**, 18(S5). An Appendix 
to the work contains a large number of inscriptions, viz. : — Persian, Arabic, and 
Sanskrit inscriptions from Gujarat, Persian and Arabic inscriptions from Cambay, 
Sojali near Mehmudabad, Dholka, aird Bharoch, and Sanskrit inscriptions from 
Girnar. This is No. 11 of the Memoranda noticed above on p. 342. 

t “ The Monumental Antiquities and Inscriptions in the North- Western Province.s 
and Oudh, described and arranged by A. Fuhrer, PiuD.” (Allahabad, Siiporintenclent, 
Government Press, North-West Provinces and Oudh, 18^1). vSuper royal 4to. 456 
pages. < 

J Mr, Burgess had already published a large portfolio of photographs with letter- 
press description of the Satrunjaya Temples near Palitana ; anotluT on Somnath, ^ima^ 
gadh, Girnar, &c. ; and a third of Architecture and Sceneiy in (lujArat and 
Ihijputana ; a monograph on Elejdianta, illusirated (1871); papers on Elura and 
Ajanta Cave Temples, and Notes of a Visit to Gujarat, and had started and was 
then editing the Indian Antiquary. 
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the large Jaina temple of Panchalinga at Hull. All rouTid Hull 
there are enough carved stones to illustrate a mythology, and 
Mr. Burgess remarks that if there were a provincial museum at 
Belgaum, abundant materials to furnish it would bo found at Huli. 
At Badami there are some fine specimens of cave temples, three of 
them being Brahmanical, and the fourth Jaina, and all probably 
belonging to the sixth century. The third cave is the finest of the 
series, and, in some respects, one of the most remarkable Brahmanical 
works in India. Though it cannot compare with Blephanta or the 
Dumar Lena in size, yet it is ar large cave filled with a variety of 
sculptured brackets, statues, carved pilasters, and the like. In 
this he found an inscription dating from .579 A.D. which has afforded 
an invaluable fi.Yed point for the chronology of the Brahmanical 
caves. The great Saiva and other Dra vidian Temples at Pattadkal 
were also surveyed and delineated.* 

Mr. Burgess’s second report dealt with Kathiawar and Cutch. 
Cutch had up to that time been a terra incognita to the antiquarian, 
and, though not very rich in remains, it deserved a careful examina- 
tion. Kathiawar was more famous as tlie Holy Land of Western 
India. It was known to the Greeks and Romans under the name of 
Xocvfxxtrr^rjvr], the Muhammadans called it by the Praki’itisod name 
of Sorath, and the Marathas extended the name of Kathiawar from 
a central district inhabited by the Kathi tribe, to the whole 
province ; but by Brahmans and natives it is still spoken of as 
Surasliti’a. It was doubtless at a ver}’' ('arly period brought under 
the influence of Bi’ahmanical civilisation, and from its position was 
most iiccessible to influences from the West. As early as the 
reign of the great Asoka of Magadha (B.C. 20.5-229) we find him. 
inscribing his famous edicts ui)on a huge granite boulder at the 
entrance of the pass leading from Junagadh to Girnar. Surashtra 
was also probably included in the corniuesis of the ludo-Scythian 
kings in the second century before Chnst.f Its shore's were well 
known to the Alexandrian merchants a few centuries later, but 
there is much difficulty in identifying the places. 

One of the most important of Mr. Burgess’s researches consisted in 
thft discovery of some interesting specimens of the coins of the local 
Ksh^i^trapa kings of Surashtra and their imperial Gupta successors. 

* A^ee Forgusson’s Indian ainl Easicni Ardiiteeturo, p. 4.39 ff. Mr. Burgess’s first 
scason|s report publislnid in 1874 by Messrs. W. IT. Allen Su Oc>., and was 
accompanied by numerous pbologrsiplis, lithogrui>hed plans, di'tailw, &c. 

t StraV- lib. xi. cap. xi, 1. 
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Thp domination of this race liad previously formed an important but 
undefined epoch among the dynastic revolutions of India, and the 
late Mr. Edward Thomas, the well-known numismatist undertook 
the arrangement and classification of the coins.* Some of these 
coins bear legends in imperfect Greek, the Greek language having 
followed the conquering progress of the Baktro-Heilenic kings as 
far as Mathura, Oudh, and Patna, and having been reserved more 
exclusively for the ruling classes during their brief sway, while the 
Greek alphabet in a degraded form Tjvas preserved still longer. It is 
singular that there is no trace of any solitary inscription in the 
Greek language in India, but in its numismatic form it remained 
the leading vehicle of official record for more than two centuries, 
under Greek and Scythian auspices. 

The conquest of Sind by the Arabs in A.D. 712 was a marked 
epoch in the annals of the country, associated with some instructive 
coincidences, such as its inception, the ready domestication of the 
conquerors on an alien soil, their final ethnic absorption into the 
Indian native element, and their abrupt disappearance into com- 
parative obscurity. Several coins discovered by Mr. Burgess are 
ascribed by Mr. Thomas to this period. 

At .T imagad h. one of the most ancient cities of India, there is 
probably a rich mine of buried antiquities, and the rock inscription 
about a mile west of the city is the most interesting archmological 
relic in the province.f It is approached by a noble avenue of 
mango z,ndijavMm trees, terminating in a substantial causeway and 
bridge over the Sonarekha. The memorial itself is a huge hemi- 
spherical mass of grey granite covered with 14 t^lets p? edicts of 
Asoka,! besides a Kshatrapa and a Gupta inscripGon. This rock-cut 
lettering extends over considerably more than a hundred square feet. 
The edicts are in the Pali dialect and character, and contain a variety 
of injunctions as to moraTbehaviour, public orders, the sparing of 
animal life, religious tolerance, and the like. Professor Korn 

* Mr. Edward Thomas was the author of the third chapter of Mr. Burgess’s Report, 
dealing with the Sah and Gupta coins. 

f It was visited and described by Major James Tod (Travels in Western India, 
p. 369). 

{ The other edicts are at I>hauli, in Cuttak, atKalsi, on the banks of the Jarnuim, 
at Jaugada Naugaiu, in the Ganjam district, near the coast of the Bay of Bengal 
(these three being, like that near Junagadh, in the Pali character), at Shali-baz-garhi, 
about 36 miles N.E. of Peshawar, ^nd at Mansahrn in the Hazara district (both 
n the Baktriaii character). 
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remarks that these edicts give an idea of what the king did for his 
subjects in his wide empire which extended from Behar to Gandhara, 
and from the Himalayas to the Kalinga coast. Asoka the 
Humane went over to Buddhism in the ele venth ye ar of his reign 
and became a zealous religionist, but he was a good pi’ince, and 
tolerant towards the other faiths, as is exemplified in his edicts. 

The Bud dhist ca ves of Junagadh, Talaja, Sana, &c. form another 
feature of interest in Kathiawar. Hvven-Thsang, the Chinese 
pilgrim of the seventh century state.s that there were in his time 
about 50 convents here with about 3,000 recluses. Of these 
Buddhist convents remains still exist, though four centuries of 
Moslem dominion and strife have obliterated nearly every trace 
of most of them. The rock-cut caves at Junagadh were probably 
excavavated for the Jainai'by the Sah or Kshatrapa kings of 
Surashtra about the end of the second century A.D. Mount Girnar 
was doubtless a place of pilgrimage, even before tl&e days of 
Asoka, and in his time it probably became a Bauddha sacred 
place where monasteries were early formed and cells cut in its 
granitic scarps for the devotees. The Jaina temples here form a 
sort of fort, perched on the ledge at the top of the great cliff ; they 
arc K) in number, and some present a majestic appearance with 
their boldly carved granite pillars. There is a striking example of 
modern indigenous art at Junagadh in the tomb of Maiji Sahiba, 
the mother of tho late Nawab of Junagadh. From a low platform 
rise 20 rich and elegant columns supporting tho colonnade or 
verandah surrounding tho tomb. The carving is most elaborate and 
florid,* though Mr. Fergussou considers the details inappropriate for 
stonework and the style not in accordance with the true principles of 
constructive design. The town of Jamnagar is of recent origin, and 
there is not much of antiquarian interest in it, but tho fagade of 
the palace and the Delhi gateway, two capital photographs of which 
were taken by Dr. Burgess, are good specimens of modem Hindu 
architecture. 

The history of Cutch is involved in great obscurity. But perhaps 
the most important, as it certainly was the most disastrous, event 
connected with tho architectural remains of the province was one of 
comparatively recent date, i.e., the great earthquake of the KJth June 
1819, which extended from Nepal in the north to Pondicheiri in the 
south, and from Makran in the west to Calcutta in the east, but 
the force of which most violently aflected Cutch and the region 
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immediately north of it. Thisjcimvulsion totally ruined maaiy of the 
oldest buildings in Cutch, the oflPeot being particularly disastrous 
at Anjar and Bhuj, where thousands of houses were ruined or 
rendered uninhabitable. Dr. Burgess had only time to examine the 
eastern part of the province, which is not very rich in antiquarian 
remains, though there are some noticeable Jaina shrines and temples 
at Bhadresvar, Keda, and Kotai. But the return journey through 
Gujrat proved more fruitful, and the photographs of the gates at 
Dabhoi and Jhinjuwada, sister fortresses of very similar construction, 
convey a good notion of the massive and elaborate structural and 
decorative character imparted to it by the IliTidu architects of the 
twelfth century. 

The general results of the season’s operations from the 26th 
October 1374 to the 24th April 1875 are set forth in a report of 
242 pages,* accompanied by a map and numerous photogi’aphic and 
other illustrations. 

The third report of the Archaeological Survey of Western India 
describes the principal remains examined during the annual tour 
made in the cold season of 1875-76, through the we^jtfii'ii.disteiets 
of the territories of His Highness the Nizam. The tracts had been 
previously quite unknown to the antiquary, but though near to 
Kalyaua, an ancient capital of the groat Western Chalukya 
dynasty, the survey did not yield either coins or insenptions, the 
wholesale destructions effected by the Muhammadan arms being 
doubtless one cause of this. The latter part of the season was 
mostly spent at Aurangabad, when a thoi’ough survey was ,mado 
of some interesting, but little known groups of Buddhist caves in 
the neighbourhood. The Chalukya race is the oldest of which 
satisfactory mention is made in the records of the Deccan, and they 
seem to have belonged to the great nationality which under the 
napip of Bajputs exercised dominion over the whole of Northern 
and Oeiitral India. The rule of the Chalukyas extended from the 
. Narmada on the north to the Tungabhadra to the south, and from 
the Arabian Sea on the west, to the Godavari and the Eastern 
Ghats on the north-east and south-east. After a visit to Bidari’ a 
city which still contains, after nearly three centuries of desertion 
and neglect, many remains of the grandeur of the Bahmani and 
Berid dynasties, Mr. Burgess proceeded to Paithau , the Uai'dava 

* Aichi«olo;;iciil Survey of Western India, — Report on the antiquities of Kathiawar 
and Knchh. Py James Burgess, F.E.G.S., M.R.A.S. (Allen & Co.),‘ 1876. 



INDIAN AUCHiEOLOGICAL SURVEYS. 


351 


of the Greek writers, and one of the capitals of the Andhra s. Avbose 
rule extended over the Telugn country and the northern Deccan, 
including Nasik. Their monarchs were of great in power the early 
centuries of the Christian (‘ra, for Pliny states that their king 
possessed 30 walled towns, and could bring into the field 1(X),000 
foot, 10,000 horse, and 2,000 elephants. The author of the 
Periplm of the JErythrean Sea sjieaks of Paithana as a most notable 
trading place, and famous for onyxes, which are still found in 
abundance there. The place • abounds in local legends, but its 
architectural magnificence has long since disappeared, though 
many rich and lieautiful patterns of wood-carving on the doors 
balconies, and railings of houses, built a century ago or more, are to 
be seen. Some elegant specimens of these arc lithographed in 
Mr. Burgess’s book. Formerly the manufacture of silk shawls at 
Paithau was famous throughout India, but it has now ceased to 
enrich the place, a ruinous tax having been imposed, which drove 
most of the weavers away, and destroyed the jirincipal source of 
trade. The Buddhist rock-cut temples at Aurangabad had received 
no attention previously to Mr. Burgess’s visit. One of the 
most noticeable features is the remarkably ornate character of the 
pillars, illustrations of several of which art', given by Mr. Burgess. 
A good photograph of the elegant square i)yramidal tower over 
the #hrine of the Ahalyabai temjde at Ehu’a also finds place in 
the Volume, as well as facsimilia and translations of numerous 
important inscriptions. 

Mik Burgess’s fourth volume is entitled “ Report on the 
“ Buddhist Cave Temidcs and their inscriptions, being part of the 
“ results of the fourth, fifth, and sixth season’s ojierations of 
“ the Archaeological Survey of Wo.stern India, 187()-7‘J. Supplo- 
“ mentary to the volume on ‘ The Cave Temples of India,’ It 
does not profess to bo a complete report in itself, but to afford a 
good deal of additional material for the study of Buddhist cave 
architecture which could not be comprised within the limits of the 
second part of the work on the Cave Temples published the previous 
year. 

The principal object of that work had been to present a 
general survey of all known examples of Indian rock-cut archi- 
tecture. They number over a thousand in all, and though the greater 

* “ The Cave Temples of India,” by Messrs. Feigusson and Burgess, whs printed 
and published by order of the Secretary of State for India in 1H80. 
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part are found in the Bombay Presidency and immediately 
adjoining districts, others exist either singly or in groups both in 
Bengal and Madras, but under forms as various as the localities are 
distant from the typical examples of Western India. Another 
source of complexity arises from the caves being divided among 
the three principal religions which prevailed in India during 
the ages in which they were excavated. The ol dest and moa t 
^exte nsive s enna -belong to the Buddhist religion, whose votaries 
were the first, and for long perhaps the only, cave excavators. 
They were succeeded by the Brahmanical caves, when“Ihat faith 
in its turn replaced the once dorninahtTreligion of the “ mild 
ascetic.” A smaller, but hardly less interesting series of caves 
belongs to the Jains, who at a ]^er-n.ge sought to rival the 
/Brahmans in the magnificence of their rock-cut architecture. 
Their ages, too, vary greatly. The oldest of all are the simple cells 
excavated for the Buddhist monks during the reign of'^soka 
(B.C. 263-225) or immediately after that date, in the granite rocl^ 
of Behar, and the series extends down to the most modern Buddhist 
caves at Ajanta or Aurangabad, probably as late as 700 A.D. The 
Brahmanical caves overlap these by a hundred or a hundred and 
•fifty years, and may extend down to the tenth- -eentury, while the 
iJafna excavations, commencing about the same time as the 
i Brahmanical wore continued in the rock at Gwalior down to 
! the middle of the fifteenth century. 

Except in Mr. Fergusson’s work on the rock-cut temples of 
India, published in 1845,* no such general survey of the whole 
subject had been previously attempted. Since then, howevoi*'; new 
series of caves have been discovered, inscriptions have been 
deciphered, and generally such progress has been made, that a new 
and greatly enlarged work became indispensable. The principal 
caves described in Mr. Burgess’s Vol. IV. are at Bhaja, Bedsa, 
Eondane, Nasik, Junnar, Kanheri, and Ajanta. The latter important 
group of monasteries and temples had already occupied three 
chapters, and 35 illustrations in the work on the Cave Temples, 
but the interest attaching to their varied architecture, sculptures, 
inscriptions, and paintings, which exhibit so much of the history 
of Indian art for a period of so many centuries, led Mr. Burgess 
to present numerous additional details and descriptions in his fourth 

* lllusirntions of the Rock«cnt Temples of India: — 18 plates in tinted lithography 
(folio), with an 8vo. volume of text, plans, &c. London : Weale, 1845. 
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volume. All the important inscriptions found in the caves vrejo 
translated, and with a general chapter on Paleography, were added 
to the same work. 

Volume V. (1883) illustrated, in the same way as its predecessor, 
the remaining rock temples of Western In(Jia, the principal of 
which are the well known and magnificent group at Elura, con- 
sisting of splendid representatives of Buddhist, Brahmanical, 
and Jaina cave temples, the Brahmanical and Jaina caves 
at Badami, at Aihole, at Ankai-Tankai, and at Patna, and the 
Brahmanical caves, chiefly at Jogeswari on Salsotte Island, ac Elo- 
phanta, at Lonad, and at Harischandragad. Of the Elui-a temples, 
M. Baudrillart observes, At the sight of these astounding 
“ edifices, the development of the plastic arts and of public 
“ religious luxury among the Hindus receives the most striking 
“ attestation in the magnificence of these temples in the infinite 
“ diversity of their details and the minuh' variety of the 
“ carvings.”* The only other Indian group that can rival it, i.s that 
at Ajanta. Tlmre, however, the cavo.s all belong lo the Buddhist 
religion, and carry on its history and architecture for nearly 
lOOO.years, while those at Elura, commencing Avhen the excavations 
at Ajanta ceased, acquire additional interest by the introduction of 
Hindu temi)les of a novel form, and subsequently by other temples 
of the^Jaina faith, which afford a varied ])icturo of th(' mythology 
of India during its period of greatest vigour. The whole group 
culminates worthily in the Kailasa, the most magnificent rock-cut 
temple in India. 

The village of Elura is in the Nizam dominions about 13 miles 
north-west of Anrahg^ad, and the caA'es are about half a 
mile east of the village. Cave X. of the Buddhist group is tho 
great Chaitya I’ock temple and is cons])icuous Avith a fine fai^ado 
and largo open court in front suiTOunded by a eoi-ridor. Uei'o can 
be traced an interesting architocturai development. First, there was 
in tho earliest caves a great open front covered by an external 
screen, which screen was originally of wood, as at Blnija, and then 
of stone, ornamented in wood, till at last it came to be constructed 
entirely in stone, the opening shrunk in dimension till the screen 
in front disappeared altogether, as in this instance, and the 
characteristic external features became obscured. 

* ilisloite du Jjuxu Prive ct Pnbliqm- dopuis I’aiitiqiiitt' jusipi’ a nos jour.«. 

I Y* 20321 . Z 
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• The^Kailasft-or Rang Mahal Temple No. XVII. of the series as 
reckoned from tho south, has been pretty fully desci’ibed in the 
Cave Temples of hidia. It was probably constructed in tho reign of 
Dautidurga, the great Rashtrakuta king (in A.D. 730-755) and is the 
most extensive and elaborate rock-cut temple in India, as well as the 
most magnificent of all the architectural objects with which that 
country abounds. Long, too, after the groat temple was finished, 
works were carried on at dilferent points in tho surrounding rock, 
shrines and images being added until probably the inroads of the 
Muhammadans finally put a stop to them. Tho Brahmanical caves 
north of Kailasa, except the Dumar Sena, arc not so notable, but 
the two principal Jaina caves are very remarkable both in extent 
and elaboration. They are later in point of date than the caves 
belonging to the two other sects. 

Volume V. also deals with various other caves including tho 
famous JE loph anta cave in Bombay Harbour which has, of course, 
been described by numerous authors and archmologists such as 
W. Brskiue, Wilson, Hunter, and Dr. Burgess himself in 1871. 
The inscriptions obtained during Dr. Burgess’s archmological tours 
have been discussed by Professor G. Biihler, (3.I.B., of Vienna, jn tho 
same ro])ort, one chapter being devoted to the famous Nanaghat 
inscri]>tions, which belong to the oldest historical documents of 
Western India, and others to the Kanlieri and Dasa Avatara 
inscri])tions. 

In 1880, the survey of tho Ajanta caves and others in the 
neighbouring districts was completed and the examination of the 
Dhalukyan temples was begun in tho south-east of the Dharwar district 
in 1881, and continued in 1882 chiefly in Belgaum. In 1883-84 
tho Muhammadan architecture of (lujrat, especially at Champaner, 
Dholka, ami Ahmadabad,''' was partly surveyed, and an extensive and 
important scries of drawings begun. In 1885 H.ll. the Gaikwar of 
Baroda requested that tho survey should take up the ancient city of 
Dabhoi ; this was done by Mr. Cousens, and tho result published at 


III 18(S6 Mr. A. W. Cruwlcy Boovej, iio. C.8., piiblislieJ A Scheme f(,u* the 
“ Protection and Conservation of Anticnfc IJuildingd in and around the City of 
“ Alnniidjibad/' (folio, pp. 72 and xcv.) Bombay; Education Society’s Press ; which 
contains a valuable account of the history of the nuinagcinent of the public buildings 
about Ahinadabad, with suggestions fur their better preservation. This is accompanied 
by a very full list of the Muhammadan mostpios and tombs in and around the 
city, with notvs on their condition, &c. Conf. Journal Iloyal Institute of British 
Architects (N.S.), Vll., p. 309. 
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the expense of H.H. in a handsome volume with 22 plates, the 
Ictterpi’i'ss being by Dr. Burgess.* The surveys of Broach and 
Cambay were carried out, and early in 1886 the work in the 
Kanarese districts was resumed. In 1886-87 a further survey was 
undertaken also on behalf of the Graikwar, and Mr. Cousens with the 
staff made a tour through a portion of Northern Gujrat, visiting 
Siddhpur, Patau, Mudhera, &c., and afterwards commencing the 
survey of the groat city of Jaina temples at Palitana. The 
season 1887-88, and the early, part of the next wore spent at 
Bijapur, a complete survey of tlie Muhammadan architecture 
being made there. On this important sui'vey Mr. Cousens pre- 
pared a careful series of notes, printed as a selection from the 
Kecords of the Bombay Government.f The early months of 1889 
wore again devoted to Palitana. The season 1889-90 was spent 
almost entirely in completing the examination of the Gaikwar’s 
districts in Northern Gujarat ; the field season Avas completed by a 
survey of the ncAvly discovered caves at Nadsur and Kai’sambla, on 
Avhich Mr. Cousens has i)re])ared a separate repent, J and last season 
1890-91 was devoted to a survey of the lleinadi)auti and other 
remains in the Ahmadnagar and Nasik districts. 

The sui’vey drawings being only pencilloil in the field, the whole of 
tlie I’ainy seasons ai’e occupied in inking and ^n-eparing them for jdioto- 
lithography, writing up the notes, &c., and this being a slow Avork 
Avith so'small a staff, it has of necessity gradually fallen someAvhat 
behind. 

The famous fresco paintings on the Avails of the Binldhist caves 
at Ajanta had been copied by Major E,. Gill at the expense of the 
Bast India Company. The canvasses wore exhibited in the Indian 
Court of the Sytlenham Crystal Palace. There they Avere destroyed 
by fire in* December 1866. No reproduction of them had been 

* “ The Antuiuiiies el’ the Town of JDiihhui iu Gujanit ” l)y Jus, lUirge^s, LL.D., 
Director-General of the Ardiaiologieal Survey of Iiuliii, aiul Henry C-ousens, 
M.ll.A.S., of the Arclneological Survey, Western Lndin. Published by order ot* 
H.H. Maharaja Sayajiniv Gaikwar, G.C.S.I., of Ikiroda. (Edinburgh; G. Wuterston 
and J>ons, 1888). 

t No. CCXLV. New Scries; “Notes on the Iluildings and other Autitiuarian 
“ llemains at Dijapur, by Henry Cousens, M.li.A.S., Archaiological Survey, Western 
“ India; with translations of the Inscriptions by E. llebatsek, Estp, M.C.E.’^ 
(Bombay, Government Central Press, I8t)0.) 

X Printed as a Memorandum (No. 12) of the Arclueologieal Survey (Bombay 
Government Central Press, 1800). lleviewed, Jour. 11. 1. B. Arch. VII., 136. 

Z 2 
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attempted beyond a few outline drawings on a very small scale in 
Mrs. Speir’s “ Ancient India.” Dr. Burgess applied to the Govern- 
ment of Bombay to endeavour to have what remained of these 
frescoes copied again before they should entirely disappear under the 
destructive agencies at work. This led to a grant of Rs. 5,000 per 
annum being sanctioned' by the Government of India for the 
purpose, and Mr. John Griffiths of the Bombay School of Art: was 
appointed to take^^chargeisrthe work in 1872. The copying went on 
at intervals from this date till 1885, when it was brought to a 
close. The copies were sent home to the India Office,* and 
transferred to South Kensington, where again, most unfortunately, 
a number of these important paintings were des troy ed. b.Y. a fife. 
Photographs of the copies were taken at the Bombay School of Art, 
and recently steps have been taken to publish those most interesting 
and instructive remains of ancient art. Of their artistic value, 
Mr. Griffiths writes in his Report : — 

“ Tlie condition of mind which originated and executed these paintings at Ajania, 
must have been very siniilfir to that which pixxluecd tir5 early Italian jiaintiiigs ol: the 
I'lth century, as we find much that is common to both. Little attention paid to tho 
scieiicd? of art — a general iTOwding of figures into a subject, rc'gard being bad more to 
ibc truthfid rciiclerir.g of a stoiy rather than a beautiful rendering of it ; not thaS; they 
disearded b<*;iuty, but they did not make it tbe primary motive for rcjiresentation. 
There is a want of aerial pro.‘'pcctiv(s the parts aw delicately shad(‘d, not forced by light 
and shade, giving the whole a look of flatness, a fpiality to bo desired in mural decora- 
tion. 

*• Wli(>ev(*r wen’ tbe autliors of these paintings, they must have constantly mixed 
with tho world. Scmies of evorydav life, such as pn’paring food, carrying water, 
buying and selling, processions, hunting scemos, clo{>bant fights, men and women 
engaged in singing, dancing, an<l playing on musical instruments. Many are most 
gracj’fully, and all an* most graphically dejneted upon these walls; and tliey could only 
liave Ix’cn done by men wlio were constant spectators of such scenes; by men of keen 
ol/SiTvalion and retentive nu’inories. The arti.sts cerbiiuly could not have observed one 
of the ten commandmeiits which Buddha imposed on his disciples, viz,, to abstain from 
public spectacl(^s. In every example that lias come under my observation, tbe action 
of tbe hands is admirable, and unmistakeably conveys the particular expression tho 
artist intended.’^* 


Southern hulia . — In consequence of representations made by tbe 
President of tlie Oriental Congress of 1874, the Secretary of S8ate 
addressed the Madras Government on the subject of appointing an 

* The frescoe.s are described in detail in “ Notes on the Bauddlia Bock Temples of 
Ajauta, their Paintings and Sculptures (illustrated), &c.*H)y J. Burgess. (Bombay: 
Government Centra,! Press, 1879) ; sve alao Mr. Forgusson’s paper on tbe portrait of 
Chosrocs TI. at Ajanta, in Jour. R. As. Soc. 1879, pp. 155 IF, 
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Archscological Survey of Southern India. Delays, however, inter- 
vened, and it wa? not till the Governorship of Mr. Adam (18S1) 
that it was decided to organise a survey. The Madras Go- 
vernment then deputed Mr, R. Sewell to prepare lists of 
all the known monumental antiquities and inscriptions in the 
Smi^erji- Presidency in order to jirepare the way for a detailed 
survey. Mr. Sewell commenced by issuing a circular asking for 
the co-operation of a large number of officials and private gentlemen 
both European and Native. Of these circulars 7,500 wore issued. 
Much correspondence resulted, and Mr. Sowell consulted all the 
available literature on the subject. His object wiis not only to 
produce lists of antiipiities for each district for the archmologicul 
surveyor, but also to furnish g('iieral information for the guidance of 
residents in Southern India who might care to join in the work of 
historical re.soarch. The Madras lists were publi.shediu 1882.* They 
were drawn u]> according to districts, and to each district list was 
prefixed a short outline of the history and antiquarian interest 
attaching thereto, the whole forming a volume of over 300 jiages. 

In 1875, !Mr. Sewell, when stationed at Bejwada in the Kistna 
District, had been entrusted by Government with a grant 
of Rs, 1,000, to enable him to exjdore at Amaravati, Bejwada, 
U^ndavilli, and other places. Bejwada is a pTaco of (Considerable 
antiquity, once the capital city of the small Kingdom of Vengi, 
and afterwai’ds one of the chief towns of the eastern Chalukyas. 
The town is surrounded with granite hills honeycombed with 
the rock-cut memorials of ancient religious fervour, and stands 
on alluvial soil under which, Avhenever disturbed, appear the 
vestiges of past greatness, statues, and ivalls, and sculptures 
of old temples long since fallen, and now lying buried under 
many feet. of river silt. Opposiw-s across the river, is the large 
four-storied temple of lindavilli, hewn in the solid rock, v/hile 
almost every village has its especial relics of the past, Buddhist or 
Brahmanical. lliu'c and thei’c are the remains of the circular slnpuis, 
which the followers of the groat Reformer erected over relics, 
eithpr of himself or of his principal disciples ; and 1 7 miles west- 
ward on the south bank of the river, lie the remains of the most 

Archaeological Survey of Southern iudia. Lists of tiuriquariau remains in the 
Presidency of Madras. Compiled under the order of Ciovenimont by Hubert Scw'cll. 
Madras (E. Keys), 1882 . 
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magnificent Buddhist monument in all India — the Amravati Tope.* 
[jrfere Mr. Sewell set to work in 1877, and during the summer and 
autumn of that year, uuearthctl a largo number of mai’bles which he 
closely described iu his rcporti.f 

In 1879 Mr. Sewell went home on sick leave, and the following 
year the Duke of Buckingham, G-overnor of Madras, paid a visit to the 
spot and directed the district collector to complete the excavation of 
the tope, at a cost not exceeding lls. 1.000. But, as Lord 
Hartington pointodly remarked in a despatch on the subject, the 
collector’s special qualifications as an archaeologist were unknown, 
the promised services of a Public Works officer to help him 
were not vouchsafed, and the general result was to convert the site 
of the tope into a large pit about 75 yards in diameter, to 
disarrange the stones and debris, and so destroy tiio chance of 
getting any idea of its size or structural arrangements.^ 
Dr. Burgess is of opinion, howevoi-, that this once splendid 
monument had been destroyed perhaps more than once before, and 
that many of the beautiful slabs must have been used even within 
tlie last 05 years to burn into lime, or to re])air miserable Svami 
temples, and similar buildings. There are indications also of a 
great flood having first destroyed, or at least greatly injured, the 
stupa, possibly drowned many of its priests and worshippers and 
led to its falling into rapid decay, after which it was reconstructed 
after some rough manner. 

On Mr. Adam’s sudden death, Mr. (mtw Sir) M. E. Grant Duff 
became Governor, and in November 1881, the superintendences of 
the Madras Ai’chmological Huiwey was also entrusted to Dr. B'urgess. 
His first season was devoted to the survi'y of the remains round 
Bejwada, the Amaravati and Jaggayyapeta stupas, the Jaugada and 
Dhauli inscriptions of Asoka, and a visit to the Khandagiri and 
Udayagiri caves, taking facsiranes of all the inscriptions. 

The season of 1882-83, besides the official w'oi’k and direction of 
the Bombay Survey, was largely devoted, along with Mr. A. Kca, to the 

* t.'olonel Macketi/.ic and Ids assistaiUs made careful drawirif's and plans in 1816 of 
this gn^iit monniaeiil, find Sir Wjiltcr Elliot excavalod a largo number of seiilptin-es, 
now at the Eritisli Museum. The Stupa and its known seulptuivs Avere described fully 
in llie se<‘ond part of Fergiisson’s Tree and Serpent Worship. 

f Eeport on the Amaravati Tope, and Excavations on its Sil(» in 1877, by Robert 
Sewell, Printed by order of the Secretary of Stat(‘ for India in (knineil, 1880. 

J Burgess’s ‘Notoa on the Amaravati Stupa. Printed hy order of (xovernmont, 
Madras : E. luys. 1S82. 
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examination of antiquities in the Madura district, and a very com- 
plete survey of the great temple of Ramesvaram which occupied tfio 
staff till the end of the season. In 1883 Mi’. Rea surv'eyed in detail 
the monolithic j;e.mains, caves, and temples at Mamallapuram. 
Early in 1884 Dr. Burgess paid a visit to the shrine of Sri Sailam, 
on a remote hill top ol the Nallamalai range, which had been only 
seen by one or two forest officors since it was visited by Colonel 
Colin Machen/.io just ninety years previously. This jdace he has 
identified with the Po-lo-yu monastery of Ea Ilian, the J*o-]o-mo- 
ki-li of Ilwen Thsang, wbicli had previously baffled all attom])Ls at 
identification. 

In 1884 Mr. Rea was chiefly engaged on the extensive remains of 
the_qld Hindu capital at Ilamjie or Bijyanagar ; in 1885 he made 
an extensive survey of the old Balhiva tom]d('S at Kanehipurain, 
and in the cold season 1885-80 he made a long tour from Cooty 
through the Anantapiir and Bcllari districts to Harihar and back, 
surveying numerous remains on tho route, dMio survey at Mamal- 
lapuram was completed next season, and the fine temjilo at Vellur 
and others in the district examined. In June 1887 Mr. Rea made 
somq remarkably succt’ssful excavafions at Pallavaram, of pre- 
historic graves containing earthenware coffins, some of which ho 
removed entire to the Madras Museum.* During the following 
dry season, he made a tour through Nellur and pai’t of the 
Kistna* districts, during which he excavated several mounds and 
discovered the remains of several Buddhist stupas ; and during 
tho season of 1888 89, he followed thi< up bj’' a tour in tho 
Godavari and in parts of tho Kistna district ])reviously unvisited, 
discovering some A'ery interesting remains, such as an ancient 
structural Buddhist Chaitya at Chezarla and examining a group of 
caves am? stupas at Guntupallo in the Godavari district. f In 
1889- 90 and 1890 91 the southern districts of the Madras Presidency 
were under survey by Mr. Rea and his native draftsmen. During 
these tours much Amluablo information and numerous carefully 


f 

Jour. Asiiit. Soc,, Bcngnl, LVII., p. 48, and MiidiaM (I.O., 12tli Aufjust 1887, 
No. 1135. Mr. K<‘.a h US also contributed an intf'nhstinj:^ jiapCT on “ Methods of 
Arcliceological Excavation in India,” to th(‘ Journal of tlic Koyal Asiatic lSoci(‘ty for 
1800, p. ?83. 

f Madras O.O., 30th April, No, 382; 20th May, No. 102, Ac., and I?. Instil. 
Brit. Architects Journal, Novi'iiiIrt 1889, p. 58. 
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measured plans and detail drawings have been accumulated*' as 
detailed in Mr. Rea’s progress reports to the Madras Government.* 

J)r. Burgess’s report on the AimaLvali-.,ai]Ld.jJ,a^ Btupasu 

appeared in 1887 .f It contained the results of the examination 
and further excavations made by him of the remains in December. 
1881 and early part of 1882, soon after the excavation of the site 
by orders of the Madras Government, with photographs of the 
sculptures, taken in 1884, after their I’emoval to Madras. Mr. Fer- 
giissou had offered to assist Mr. Burgess ?n the preparation of the 
work, but this offer was unfortunately cut short by Mr. Fergussou’s 
death, an event which was nothing less than calamitous, so far as 
Indian ai’chmology was concerned. 

J^es P^rgusson (1808-86) was an enthusiastic devotee of art, more 
especially in its relation to architecture, and ho had published a large 
nuniber of artistic and scientific works, the more conspicuous aftnong 
which are “Tree and Serpent Worship” (1868) and “ llistoiy of Archi- 
tecture ” (1855). But besides the former of these two, ho published 
numerous other works relating to Indian archmology, such a.s 
“ Illustrations of the Rock-Out Temples ” (1845), followed by 
“ Picturesque Illustrations of . Ancient Architecture in Hindustan.” 
In 1859, he *editcd Captain Hart’s Illustrations of the princii)al 
Muhammadan buildings of Bijapur,” and in 1866 supplied 
“ Architectural Notes ” to Mi’. Hope’s descriptions of Gujarat, in a 
work entitled “Architecture at Ahraadabad,” doing a like service 
for Meadows Taylor's two volumes published in the same year — one 
on Bijapur, the other on Dharwar and Mysore. The beautiful book 
on “ Tree and Serpent Worship” referred to above, appeai'ed in 
‘ 1808, and a second edition followed in 1873, while “ Archaeology in 
India,” produced in 1884, was a volume mainly elicited by strictures, 
but which contains important elucidations of the earliest Hindu 

* I'll i^sc reports contain a full tliary of* the work done and drawings made, with 
nmnrrons notes. kSpc, for example, Madras, G.O., 13th April 188d, No. 29th 
Sept., No. 2,300 ; loth Get., No. 2,440; 5th Dee., No. 2,830; 9th F(*b. 1886, No. 
281; 22nd April, No. 83o ; 2oth Feb. 1887, No. 286; 20th April, No. 583; 11th 
Juno, No. 803; 21st Sept. No, 1,361; 4th October, No. 1415; 14th July ItD^SS, 
No. 703 ; nth Sept., No. 896; 4th March 1889, No. 219, &e. 

t ArchsDological Survey of Southern India. The Buddhist Stupas of Amravati 

and Jaggayynpeta Surveyed in 1882 by Jas. Burgess, LL.I)., 0.1 E.^ 

Director-General of the Arch«T[R»logical Survey of India. With translations of the 
Asoka inscriptions at Jaugada and Dhauli. By Georg Biihler, Ph.D., O.LE., 
London (Triibner), 1887t 
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foprps of architecture. His occasional contributions to the trans- 
actions of societies are too numerous to be specified individually, 
And it is not too much to say that his labours, during a long seiics of 
years, on behalf of Indian archaeology, were simply invaluable.* 

Dr. Burgess retired in June 1889 from the post of Director-General 
of the Archaeological Survey. His keen interest in Indian archaeology 
and early training as an architect had led to his being recommended 
to the Secretar}' of ^State by Mr. Forgusson for the task of 
completing a survey of the .cave temples. In January 1871 
Dr. Burgess produced his monograph on the Elephanta caves, the 
first work published in India dealing with cave architecture on 
comparative principles, and fixing the approximate date of the caves. 
While making researches in monumental archaeology in Western 
India, he did not neglect other branches, as shown in the j)ag(!S 
of the “ Indian Antiquary,” startcil in 1872 and conducted by him 
for 13 years. To epigraphy, in particular, special attention was 
devoted in this journal, and facsimiles, in preference to eye copies, 
of some hundreds of inscriptions were ])ublished in its pages The 
collotype re])r()ductions of the Girnar inscriptions in his second 
repyrt formed the basis of M. Senart’s elaborate work on the 
“ Inscriptions of Piyadasi.” After carrying on the Arclueological 
Survey of Western India for nearly eight years, the superintendence 
of that of Southern India was added to Dr. Burgess’s charge in 
November 1881, and early in 1886 he was appointed Director- 
General for the whole of India. In 188.6 the value of his services 
in the Survey had been recognised by the Order of C.I.E. being 
conferred upon him. Ue had been elected an honorary LL.D. of 
Edinburgh University in 1881. 

In May 1889, the general position of the Arclueological Survey all 
over India was re-considered. The reports then awaiting editing 
and publication comprised two reports by Dr. Fiihrer and Mr. E. W . 
Smith, dealing with places in the North-Western Provinces, three 
reports by Mr. Rodgers on the Punjab, four by Mr. Rea on Kanchi 

♦ 

* A careful and syinpatlietic notice of tlie late Mr. Janies Fc‘rgu«son from the pen 
of Sir Frederic Q-oldsmid, will be found at page 11.3 of the “ Proceediiig.s ” ot the 
Royal Geographical Society for 1886; and another hy Mr. VV. II. Whit<“, F.R.T.B.A., 
in the Annual Report of the Royal Asiatic Society i'or 1886, jip. xxiv — xxxix. A just 
tribute is paid to his services in the Quarterly Review for July 1889, in an article on 
“Ancient India”; see also .louriial, Royal Institute of Rritish Architect.s, August 
1889, p. 356. 
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or Conjiveram, Mamallapuram, Bijayanagar or Ilainpo, Raines- 
vr^am and Madui'a, various reports by Dr. Burgess on Abmadabad, 
Broach, Dholka, Ohauipanor, and Mehinudabad and Sojali, and by 
Mr. Cousens on tho Ohalukya architecture of Dharwar.and Belgaum, 
the Musalman Architecture of Bijapur, and (for tho Gaikwar) on the 
ancient architecture of North(*rn Grujrat. It Avas estimated that 
those materials would fill 12 volumes, and arrangements were made 
for Dr. Burgess, on his retiring from the Service, to continue the 
work of editing and supervising the ])ublication of tlie volumes at 
home. Tho archaoological staff A\''as then reduced to the folloAving : — 

Mr. II. Cousens, C.E., Superintendent of tho Archaeological 
Survey, Western India. 

Mr. A. Rea, Architect, Superintendent of the Archa'ological 
Survey, Southern India. 

Dr. B. Hultzsch, Epigraphist, Southern India. 

Dr. A. Eiihrer, for general Antiquarian and Epigraiducj.! 
Research in the North Western Provinces. 

Mr. E. W. Smith, Architectui’al Assistant to Dr. Fulmer. 

There are noAV three ])artios, one under ' Mr. Rea, another 
under Mr. Cousens, and a third under Dr. Fiihrer and Mr. Smith, 
each being provided Avith a small staff of natiAUi draftsmen, 
Dr, Hultzsch continuing his opigrajdiical researches in Madras. 

Among recent literature on Indian archu'ology mention may be 
made of an excellent paper on Ancient India,” more particularly with 
refei’ence to its antiquarian remains, as described in the principal 
official reports of tho last 20 years, Avhich Avill be found in the 
“Quarterly Review” for July 1889, Vol. 109. A paper of a more 
general character, entitled “ Tho History of ArchaAology in India,” 
formed the subject of an interesting lectui-e by Mr. James Gibbs, 
C.S.I., C.I.E., delivered before the Society of Arts on the 2nd Apiul 
1886 (Journal XXXIV., p. 555). A French writer, too. Dr. Gustave 
Le Bon, has produced an interesting volume, entitled, “ Les Civilisa- 
tions do ITnde,” and issued by Firmin-Didot ct Cie., in Paris. 
The book, which is profusely illustrated with lithographs and 
chromo-lithographs, is the fruit of an archaeological mission through 
India, with which Dr. Le Bon was charged by the French Minister 
of Instruction. 

In the “ Journal of Indian Art ” (W, Griggs, Peckham) occa- 
sionial papers on Indian archaeology have appeared, among which 
the following may be instanced: — In Vol. I., No. 8, p. Gl, and 
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No. 10, p. 76, “ Decorations of tho Taj Maiiall, Agra,” by Sir G-eorge 
Birdwood ; in Vol. II., No. 17, “ Ohalukyan Temples,’’ by H. Consens, 
with five characteristic illustrations ; No. 11), p. 17, “ Mosque of 
Vazir Ali ad-din Khan, at Lahore,” by J. L. Kipling, C.I.B., with 
four coloured plates; in Yol. III., No. 28, p. 23, “Ancient 
Cltalukyan Stone Carving,” by H. Cousens, with two plates ; 
No. 32, p. 49, review and analysis, by Dr. Burgess, of Colonel Jacob’s 
“ Jaypur Portfolios of Architectural Details,” with 15 jilates ; and in 
Vol. IV., No. 34, p. If?, “ Detail Drawings,” from ITrchha, Fathe])ur 
Sikri, and Mathura, by Ed. W. Smith, witli foui* plates. 

Colonel S.. S. Jacob, C.LE., State Engineer at Jaypur, has, in 
1890, brought out, under the patronage of tho Maharaja, a series 
of six magnificent portfolios, containing 374 plates (each 22 inches 
by 15) of architectural details from buildings in Upper India. 
This promises to be only half the complete work. It is published 
by W. Griggs, Peckham, and Bernard Quaritch, Piccadilly. 

As an a]iplication of the architectural details drawn for tho 
archaeological surveys under Dr. Burgess’s diiection, it may bo 
noted that the Government of India has ordered the reproduction 
of ^a selection of the drawings of examples of decorative details, 
under the title of a “ Technical Art Series.” These plates are 
distributed, at a low charge, to schools of art, technical workmen, 
and others, as specimens of purely anti (pie native art. With the 
first series short notes are also issued, prepared by Dr. Burgess, 
explanatory of their origin, age, material, Ac. The second series is 

now in course of issue. 

• 

Burma .' — In Burma, during tho last ten years, strenuous ellorts 
have been made by Dr. Forchliammer, an antiquarian of cminonce, 
to collect and render acce.s.sible tlie rich Pali and Burmese 
literature of the province and the written records of tho I’alaings, 
Shg.n.s, Kathes, and other nations and tribes inhabiting Burma 
and the bordering countries. A beginning avhs made with tho 
formation of a library to contain all printed books and pamphlets on 
Buddhism and Pali, the religions of India, and the languages which 
rScord its sacred and secular writings, and a nucleus was secured in 
the shape of tho valuable library of tho late Professor Childers. 
Successful efforts were also made to secure remains of the old 
Taking literature which had siirvivcd the wholesale destruction 
ordered by Alompra, the Burmese conqueror of tho Takings, and 
which wore hidden and rotting away in the caves on the Sal wen 
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aticl Attaran rivei’s. A number of Siamese and Cambodian manu- 
scripts were also found in tlie same localities, and tlie collection was 
augmented in 1880-87 by a large number of splendid manuscripts 
received from Mandalay and by native gifts. These have been 
deposited in the manuscript department of the Bernard Free 
Liiirary and the collection of Pali, Burmese, Talaing, Siamese, 
Cambodian, and Sanskrit (in Burmese characters) manuscripts is 
jirobably the largest of its kind in existence. During the last ten 
years ample material for a history of Pali-Burmese and Talaing 
literature has been gathered. 

Archmological research has been carried on jointly with the search 
and collection of manuscripts. All parts of Lower Burma have 
been visited, except the upper reaches of the Kaladan and Mayu 
river, where important finds may bo cxjiected. The region south of 
Moulmoin, down to Tavoy and Mergui, and a few places at the 
mouth of the Bassein river, and in the eastern jiortion of the Promo 
district remain to be examined. In 1887, Dr. Forchhammor’s 
Burmese assistant visited Amarajima and Ava, chiefly with the 
view to secure prints of the many inscriptions. Those, especially 
those which a century ago were moved to Ava by the Burmese king 
Bodawpara from all parts of Burma and newly conquered territories. 
About 500 of these lithic monuments await examination. A 
large number of inscriptions from various localities have been 
copied out, and a tabular list, as proscribed by tiie Groverrfment 
of India, has been prepared of the Arakan, Thayetmyo, Promo, 
Henzada, Bassein, and Thongwa districts. 

- Unfortunately, Dr. Forchhamifaer fell ill, and died in Api-il 1890, 
before he had had time to publish all the materials he had collected. 
The reports actually issued are the following : — 

List of objects of antiquarian interest in Lower Burma. 

J. Arakan. 1891. 

Arakan I. Mahamuni Pagoda. 

II. Mrohaung. 

III. Lauuggyet, Minbya, Urittauug, Akyab, and 

Sandoway. 

Pagan. I. Kyaukku Temple. 

Lists of objects of antiquarian and archmological interest 
in British Burma, Rangoon. 8vo. 1884. 

Notes on the Shwe Dagon pagoda. Rangoon, 1883. 
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The Chief Coramissiouei’ of Burma has been asked to snbmij a 
full programme of the ai’clueological work which has yet t;^ be 
undertaken in Burma, together with bis opinion as to the desirable- 
ness of starting a survey there upon the lines adopted in India 
proper. 

In connexion with archmological and literary research, mention 
may be made of an important work on the geography of the 
countries adjacent to North-Western India which during the last 
fifteen years has been under compilation in England. Major H. Gr. 
Raverty, known for his translations of Afglian and other Oriental 
works, as well as for his historical investigation in connexion with 
Asiatic countries has been engaged in translating, annotating and 
amplifying with the fruit of his own personal observations a 
voluminous Oriental manuscrijit of an unique character. Two 
copies of this manuscript have come into Major Raverty ’s possession, 
but the author’s name will not bo dividged by the Major till the last 
chapter of his book is reached. 

M^or Raverty’s work is entitled, Notes on Afghanistan and 
“ part of Baluchistan, geograjhical, ethnographical, and historical, 
“ extracted from the writings of little known Afghan and Tajzik 

historians, geographers, and genealogists; the histories of the 
“ Ghuris, the Turk Sovereigns of the Bihli Kingdom, the Mughal 
“ Sovereigns of the House of Timur and other Muhammadan 
“ chronicles, and from personal observations.” 

The backbone of the work, so to speak, is su})plied by the 
translation of the manuscript, which is indicated throughout by 
inverted commas, but the additional matter contributed by Major 
Raverty, whether as comment or notes, is (juite as voluminous as 
the original text. Although the native author’s name is not given, 
we ai’e lold a good deal about him. lie was a man of Mogul 
descent, of good family and superior eiiucation, and possessed a great 
taste for geographical knowledge. He says he undertook the series 
of journeys which he narrates for the purpose of describing the 
appearance and political condition of the countries adjacent to Delhi 
oh the north and north-west, because he found that the historians of 
his day, even if they possessed such information, invariably omitted 
it from their records. Ho was in the prime of life about the time 
that Ahmad Shah overthrew the Marathas at the battle of Panipat 
(1761), and subsequently, when Hindustan was in an utter state of 
disorder, culminating in the blinding of the old king Shah Alam, the 
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author set out on liis wanderings, which wore spread over eight or 
nine years, and the account of which he completed in 1790 — 91- 
The date of his death is not known apparently, but ho was acquainted 
with the names of Warren Hastings and the Marquis Wellesley, to 
whom he was presented, if indeed he was not personally well-known 
to them. 

The manner in which this native traveller explored the various 
routes which he describes is not exactly stated, but he appears to 
have used a compass, as ho gives beaiings and distances, and where 
these have been tested on recent occasions by our troops and surveyors 
they have been genei’ally found to be very accurate. He evidently 
lost no opportunity of accompanying the inhabitants and merchants 
of these parts in their journeys to and fro, and of getting them to 
aid him in his objects. He would often make a stay of some dura- 
tion in a jiarticular locality until he had succeeded in learning all 
that was possible about it, not unfroquontly making acquaintance 
with the head men and priests. For instance, when his travels had 
brought him up to the remote vsiUey .of .Ohitral on the extreme 
north-west frontier of India, ho was fortunate enough to fall in with 
a kindred spirit in Shah Riza of Drush, the Badshah or chief of 
Kashknr and Ohitral, who not only gave the author every facility 
for exploring those regions, but even personally accompanied him 
on foot for the purpose of thoroughly examining the various passes 
which lead over the huge mountain range of the Hindu Ku€h into 
the valley of the Oxus River. 

The manuscript itself is in Persian, though portions hero and 
there forming, not improbably, the substance of oral information 
given to the author, are in the Pushtu or Afglian tongue. It is 
translated verbatim for the most part by Major Raverty, who has 
enriched it with innumerable notes and comments, and with collateral 
information obtained from Oriental historians and bluropean trans- 
lators and critics. 


Inscriptions and Cains. 

Indian inscriptions have at all times attracted the attention of 
scholars^ "The Hindus in their literature have scarcely produced 
any works of a historical character, though family legends, local 
traditions, and Puranic or mythological tales are common enough. 
Fortunately, this want is largely compensated for by numerous 
contemporary records in the shape of inscriptions,- forming the 
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title-deeds of grants and endowments made by kings and cliiefs to 
temples and religious communities, some being on rocks, some on 
the pillars and walls of temples, and others engraved on plates of 
copper held together by rings to which is attached the seal of the 
reigning dynasty. In these inscriptions lies the hope of tilling up 
the many lacunte in Indian history, and we find that Sir Charles 
Wilkins, Grenoral John Cariiac, Sir John Shore, and others who 
rallied round Warren Hastings and Sir William Jones, to form the 
Asiatic Society of Bengal ninety years ago, fully recognised this, 
and at once began to collect and investigate the contents of 
inscriptions.* Colonel Colin Mackenzie during the first years of the 
century did much to collect inscriptions, especially in Southern 
India, where they are very numerous, and is said to have prepared 
copies of no less than 8,070. Francis Buchanan (Hamilton) also 
collected many inscriptions. During his long resideiice in India, 
Sir Walter Elliot spared no pains in collecting impressions of copper 
plate grants, and transcriptions of stone tablet inscriptions, and by 
means of them was able to establish the chronology of the great 
Chalukya dynasty of the Kajiarese and Maratha countries, which 
flourished from the .Oth to the 12th Centuries. Others, such as 
Tod, Prinsep, Le Grand Jacob, Bhau Daji, and Cunningham showed 
like activity in collecting, but as Lassen truly remarksf it was the 
zeal and thoughtfulness of individuals, rather than the care of the 
Government, to which the knowledge and preservation of these 
ancient monuments of the country were due. 

Hgwever, in 1851 the Bombay Cave,, Temple Commission, 
appointed to carry out the object of the despatches of tho Court of 
Diroctors,+ obtained the appointment of Lieut. Brett to copy and 
take impressions of the inscriptions ; and reduced lithographs and 
translatibns wore published by the liev. Dr. Stevenson in the 
Journal of the Bombay branch of the Royal Asiatic Society. 
Early in 1856, the same Commission recornmonded the publication 
under Government, of fac-similes or copies with deciphements and 


• * Pali, Sanskrit, and okl Canareso inscriptions from the Bombay Presidimcy, and 
parts of the Madras Presidency mid Maisur. By J. F. Fleet mid Jas. Burgess, 
London (Eyre and Spottiswoode). 1878. \ 

I Alterthiimskunde, If 42. 

X No. 15 of 29t]i May 1841, No. 1, 27tli January 1847, No. 24, 2J)tli September 
1847, and No. 13 of 4th May 1853, and licsolution of Bombay Government of 
31st July 1848. (No. 2805.) 
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translations of ancient inscriptions, the whole to form a complete 
Corpus Inscriptionum. This led to the appointment of Vishnu 
Sastri Bapat as Pandit, who in the course of five years copied and 
translated into Marathi some 88 Pali and Sanskrit inscriptions, but 
none of them were published, and the death of the Pandit, the 
Mutiny, and the transfer of the Government of India to the Crown 
interrupted the work. 

About 186.5 the Government began to take a keener interest in 
the matter, and a photographic cobection of 149 inscriptions on 
copper plates and stone tablets, taken in Mysore by Lieut.-Col. 
H. Dixon, 22nd Regiment, M.N.I., was printed by the Government 
of that State ; while Mr. (now Sir Theodore 0.) Hope issued a 
smaller collection of inscriptions in Dharwar and Mysore. A few 
years later the Duke of Argyll, then Secretary of State for India, 
forwarded a scheme to the Bomb.ay Government, for the collection 
and preservation of ancient Kanarose inscriptions, but it was not till 
the starting of the “ Indian Antiquary ” in 1872, and the organization 
of the Archa-ological Survey of Western India in 1874 that 
opportunity occun-ed for obtaining fac-similes of these and similar 
records. A grant was made by Government to the “Indian Antiquary,” 
and this proved of great sei'vicc by enabling a large number of 
inscriptions to be photo-lithographed in Vols. HI. to XIII., those in 
Vols. VI. to XITI. being lai'gely selected from Sir Walter Elliot’s 
collection. , 

Jn 1878, under the sanction of the Secretary of State for India, 
a volume was produced l)y Messrs. Fleet and Burgess, containing, as 
a basis, the collections of Colonel Dixon and by Dr. Pigou (which had 
been included in Sir T. C. Hope’s “ Inscriptions in Dharwar and 
Mysore”). These were supplemented by photographs ta,ken by, and 
lithographs from cstampages and rubbings made by the Archmological 
Survey of Western India, and Mr. Fleet, besides fac-similes of 
other grants. But these were far from embracing even neaidy 
all the inscriptions from Western India and the Dekhan at present 
available, for in the India Office Library, in the Royal Asiatic 
Society, in the Bombay Asiatic Society, in the British Museum, 
and in private hands both in India and in Europe, there are a 
considerable number of copper-plate grants which, if published in 
fac-simile, would fill up many lacunae, and supply important dates. 

To the volume on Pali, Sanskrit, and old Canarese inscriptions 
is prefixed an important introductory chapter on Indian inscriptions, 
the substance of which I have reproduced in the above sketch. 
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In 1877 General Cunningham brought out the first volume of liie 
“ Coi'-pua luscriptioiium Indicarum,” containing the inscriptions 

Jjftka. These edicts are the earliest Indian inscriptions yet 
discovered, and are of two distinct classes, generally known as rock 
inscriptions and pillar inscriptions, to which may bo added a few 
cave inscriptions in Behar and Orissa. The six rock inscriptions 
present six different texts of the same series of edicts, published 
by Asoka in 253 and 251 B.C. They are found at far-distant 
places : three being on the extreme northern, two on the eastern, 
and one on the western borders of India, thus shoAAung the Avide 
extent of Asoka’s rule, as well as the groat care which he took 
about the promulgation of his edicis in remote parts of his dominions. 
Asoka was the third prince of the Maurya dynasty, and the 
grandson of Chandragupta, who was identified by Sir William Jones 
with Sandrakoptos, the contemporary of Seleukos Nikator. The 
edicts themselves are fourteen in number, and were summarised by 
James Prinsep.* Their main object, as expounded by Wilson, ai)pears 
to be the exaltation of moral obligations over all ceremonial })racticos, 
over a religion of rites ; the enjoining, in preference to the sacrifice 
of animals, obedience to parents, affection for children, friends, and 
dependents, reverence for elders, Sramans, and Brahmans, universal 
benevolence and unreserved toleration. W ilson concludes his account 
with the following words : “ The edicts may be taken as historical 
“ evidence that Buddhism was not yet fully established, and that 
“ Priyadasi or Asoka was desirous of keeping peace between it and 
“ its predecessor by inculcating social duties and universal toleration 
“ in place of either ritual or dogma.” 

The insc ripti ons of Asoka are also invaluable for the study of the 
vernacular languages of India, as they furnish several undoubted 
texts of the common language of the people in the 3rd Century 
B.C. T^iis spoken language was essentially the same in the region 
lying between the Himalayas and the Vindhyas, from the banks 
of the Indus to the mouths of the Ganges. The written character is 
two-fold — one called Ariano-Pali, and read from right to loft, which 
is found' on the Shijhbaz-garhi rocks, in the Yusuf zai district, on 
the extreme north-west, and on three large boulders at Mansahra, in 
ithe Hazara district, and which is also found on the coins of the 
Greek and Indo-8cythian princes of Ariana ; tlu^ other, Indo-Pali,. 

• Journal, Bengal Asiatic Society, VII., 220. 

A a 
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read from left to right, which is confined to the coins of PaaialeoiL . 
au^Agathokles, whp_ reigned beyond, the Indus, but which is the 
common character of all the other texts of the inscriptions, as well 
as of all the donative inscriptions of the Sanchi and Bharhut stupas. 
Tlie distinctive peculiarities of these two alphabets are carefully 
discussed by General Cunningham, and the transcripts of most of 
the edicts with the translations arc given in full in his work.* 

In 1883, Mr. J. F. Fleet, C.I.E., was appointed Bpigraphist,t with 
the primary object of preparing Voluino III. of the “Corjjus 
Inscription um Indicarum,” thativas to contain the inscriptions of the 
^ early Gupta kings. The Gupta volume wa,s completed by Mr. Fleet 
in 1887, and published the following year in Calcutta. A careful 
study of the inscriptions enabled Mr. Fleet to fix the period of the 
early Gupta supremacy, and also to establish a starting-point from 
which to work back in developing the Ijido- Scythian history. 
Moreover, through fixing, for the tirst time, the date of Mihirakula, 
who, as we learn from the writings of the Chinese pilgrim, Hwen 
Thsang, played a loading part in early Indian history, Mr. Fleet has 
furnished the means of adjusting the chi’enology before and after 
him of the' daily history of Kashmii, and of testing the accuracy of 
the Chinese accounts of the same early period. 

The principal records in the yplumo are those of the oayly Guptas 
themselves from A.D. 401 to 460, and next, the I'ecords of a 
feudatory family, the Parivrajaka Maharajas, which pj-ovc that, 
though the direct lino of the early Gupta dynasty itself may have 
become extinct, the Gupta dominion still continued, and the name 
of the Gupta kings .was - still recognised as a power down to 
A.D. 528. The person who accomplished the final extinction seems 
to have been the great king Mihirakuhajjof Sakala, in the Putijab, 
and subsequently of Kashmir, i^ose career in India is so graphically 
described by Hwen Thsang. Next come the inscriptions of the 

* Corpus Jiiscriptioniiui Indicarum, Vol, I., Inscriptions of Asoka, Prepared by 
General Cunningham, Calcutta, 1877. The Mansahra inscriptions were 

discovered »ubse<iuently, as well as the Rainpurwa pillar. A valuable discussion of 
these inscriptions has been puhlished, in two volumes, under the title, Les lucriptious 
de Piyadasi, par K. Senavt , Menu, de Tlnst. ” (Paris, 1881-86) ; and detached papers on 
them by Prof, G. Bfihler, TX.D., C J.E., have appeared in the “ Zeitschrift der 
Deutsch. Morgenland. Gesellschaft,” at different dates, 

t On the 17th January 1883, He held the appointment for 3^ years, until the 
1st June 1886. in August 1881, Dr. Burgess had prepared a ‘‘Memorandum on the 
Collection and Publication of Indian Historical Inscriptions,” which he submitted to 
the Secretary of State, recommending this appoiiitiuent. 
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kings of Vaiaiilii, ranging from 426 to 766, after which o«cur 
inscriptions of various families of minor importance. The exact 
chronological place of the Gupta era, a historical question which has 
been discussed by scholars for forty years, is ascribed by Mr. Fleet, 
after a learned and oxliuustivo discussion, to A.I). .‘119-320. 

Lists of insc riptions in Southern India wore drawn up by 
Mr. R. ^wcll, and these, together with a sketch of the dynasties 
of Southern India, were published by Govoi’nment in 18cS4.* 

In 1886, at the suggestion o,f Dr. Burgess, a circular letter was 
issued by the Government of India to the local governments, to 
afford all assistance to the surveyors in framing lists of existing 
insciiptions. The same year saw the first attempt towards the 
elucidation of the Tamil inscriptions of Southern India, when 
Mr. Burgess produced a work on Tamil and Sanskrit inscriptions.f 
The first batch of mdes and inscidjitions had been collected in the 
Madura district in 1883. The second part contains 56 Tamil 
inscript ic)ns, collected at the great temple of Ramesvaram and 
elsewhere, in the Ramnad Zainindari, and the third part, a mis- 
cellaneous collection of both Tamil and Sanskrit inscriptions from 
various parts of the Madras Ih'csidency. In the same year (1886) 
Dr. E. Ilultzsch, a German scholar, versed in the Sanskrit, Pali, and 
Dravidian languages, was appointed Epigraphist to the Government 
of Madras, and during that .and the folloAving year he collected 
over 150 Tamil .and Sanskrit inscriptions from stone and copper- 
plate edicts at Mamallapuram, Kanchipuram, in the North Arcot 
district, and other parts of the Madras Presidency. J 

With the object of promoting still further the study of Indian, 
inscriptions, a quarterly ])ublication entitled “ Epigraphia Indica 
and Archajological Survey Record ” Avas started under the editor- 
ship of rDr. Burgess in October 1888. A gr.ant of Rs. 6,000 
(afterwards reduced to Rs. 4,000) was made to this undertaking hy 
the Government of India. Of this publication, eight parts (456 

* ArchiDologiciil Survey of Southern India, Vol. IT. — Lists of inscriptions and 
sketch of the dynasties of Sontlu*rn India. Compiled under the tu'deis of Governineiit 
by 4lobert Sewell. Madras: E. Keys, 1884. 

t Archueological Survey of Soutlicrn India, Vol. IV. — Tamil and Sanskrit 
inscriptions, with some notes on village antiquities, collected ebieny in tlic soutli of the 
Madras Presidency. By James Burgess. With translations hy S. JSI. Natesa Sastri^ 
Pandit* Madras: E. Keys, 1886. 

J South Indian insci'iptiona, Tamil and Sanskrit, edited and translated by E. Hultzs^chj 
Ph.D., Government Epigraphist, Archmological Survey of Southern India. Madras 
(Higginbotham & Co.), 1890* 

Aa 2 
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pages) have been published, containing a large number of very im- 
portant inscriptions for the early history of India, and translated 
by such accomplished orientalists as Professors Gr. Biihler, LL.D., 
C.I.E,, of Vienna, P. Kielhorn, Ph.D., C.I.E., of Gottingen, Prof. 
J. Eggeling, Ph.D., of Edinburgh, &c., whose names are a suffi- 
cient guarantee for the authority of their versions and comments. 
Facsimiles of the more important epigraphs are also issued in the 
work, which, if it is continued, will form an important supplement to, 
or rather a substitute for the Corpus hiscrijitumum huUcarutn. 

Among the more important inscrii)tions for the early history of 
India contained in this first volume of the “ Bpigraphia Indica,” now 
■all but complete, are — the recently discovered twelfth edict of 
Asoka from Shahbazgarhi ; an early Prakrit copper-plate grant of 
the Pallava king Sivaskandavarman ; an inscription from Lakkha 
Mandal in the Himalayas, of about the sixth century, containing the 
genealogy of the early kings of Singhapnra ; two long inscriptions 
of the beginning of the ninth century from Baijnath in Kangra ; 
eight from Xhajuraho, and other Chaudella records ; the groat 
Siyadoni inscription discovered by Dr. Burgess ; a new record of 
Toramana from the Panjab ; a large number of short but important 
Jaina inscriptions excavated from the Kankali Tila at Mathura ; 
and numerous others of groat historic interest. 

Another valuable aid in the elucidation of Indian history is 
afforded by coins, which enable one to trace the chronology and 
sequence of ancient dynasties. Much light has been thrown on this 
branch of antiquarian knowledge by the researches of Sir Walter 
Elliot, who many years ago supplied a review on the coins of Southern 
India.* In regard to the coins of Northern India, the labours of 
James Prinsep, Wilson, Cunningham, and Edward Thomas have 
contributed valuable information ; and Mr, Thomas’s rq-issue of 
Marsdon’s “ Numismata Orientalia ” has been the means of bringing 
out some important papers on Indian coinage, chief among which 
may be mentioned Part I., published by Mr. Thomas himself in 
1874, on ancient Indian weights and the origin of a currency in 
India: one (Vol. III., Part I.) by Lieutenant-General Sir Arthur JP. 
Phayre, G.C.M.G., on the “Coins of Arakan, of Pegu, and of 
Burma,” and another (Vol. III., Part II.) by Sir Walter Elliot on the 
“ Coins of Southern India.” 

* Under the head of Numismatic Gleanings, in the “ Madras Journal,” XIX., p. 220, 
and XX., p. 75. 
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Tho foregoing chapters have dealt with the departments and 
agencies entrusted with the conduct of the actual operations in India 
and the collection of statistical facts on the spot. It now remains 
to devote a few pages to the department in England charged with 
the duty of advising the Secretary of State as to tho control of those 
operations, and to the utilization of tho information acciuired. 

The geographical work of the India Office consists of correspon- 
dence, reports, and general business relating to the following distinct 
branches : — 

The Great Trigonometrical Survey. 

Tho Topographical Surveys. 

The Revenue Surveys. 

The Marine Survey. 

'I'he Geological Survey. 

The Archseological Surveys. 

Meteorology. 

Observatories and Instruments. 

Utilisation of the Result of the Surveys. 

Th*e last-named head includes the organisation and arrangement of 
the map collection, consisting of both the old and tlio current maps', 
the keejung of tho books of sales, loans and gifts of maps, the 
compilation of such maps as may be required in England, the 
preparation of catalogues and reports on the work, and the supply 
of geographical information. Tho organisation of the Geographical 
Department or Branch of tho India Office may be said to date from 
the 14th September 18G8, when its duties were placed tentatively in 
charge of Mr. Clements R. Markham, C.B., for the period of six 
months. Previously to that the survey reports had been sent home 
without covering letters, and the absence of any permanent respon- 
sible officer to receive, analyse, and arrange for general reference all 
geographical documents and maps had led Colonel H, L. Thuillier, 
the Surveyor-General, to make a representation to the . Secretary of 
State, pointing out the inconvenience of the existing state of things 
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and the necessity for a better arrangement. Colonel Thnillier’s 
views were favourably received ; the six months’ preliminary charge 
enabled Mr. Markham to get a good grip of the work, and with the 
experienced assistance of Mr. Trelawney Saunders much progress 
was made in sorting and arranging the maps. In July 1809 
Mr. Saunders’ appointment was made permanent as “ Assistant in 
the Geographical Department ” with a salary of 400/. per annum, 
and shortly afterward agents for the sale of maps Avero appointed, 
and a map mounter’s services were secured to the Department. 

The “Memoir on the Indian ‘Surveys,” the proto type of the 
present w'ork, was produced by Mr. Markham in 1871. It contained 
a complete and succinct account of the operations under its various 
heads from the earliest period doAvn to 1869, and tlie author’s plan 
contemplated the jmblication of annual “ abstracts” in continuation 
of the original Memoir, and arranged in the same form. During the 
following years, the Geographical Branch was rc-inforced by the 
appointmenls of the present Avritcr in 1872 and Mr. W. Ronson in 
1873. The Moral and Material Progi’ess Reports for 1871-2 and 
1872-3, arranged on a better system, and f^upplying a fidler retrospect 
of past administration than previous reports, Averc pi-eparcd by 
Mr. Markham and roceiAmd uniA'ersal commendation. Mj-. Markham 
also discoA'crod and edited the journals and other pajaers of George 
Bogle, Warren Hastings’s envoy to Tibet, and Mi*. 4'hoinas Manning, 
who travelled to Lhasa, and in the translation of the appendices 
and in the preparation of the maps to accompany the Avork tho staff 
of the department gave useful aid. The Annual “ AbstraQts of 
Surveys ” Avere also regularly prepared from year to year, those 
for 1869-70, 1870 -71, 187i-2, and 1872-3 ' being written by 
Mr. Markham, and those for the succeeding years up to 1880 by tho 
present Avriter. In 1876 a simplified catalogue of the maps on sale 
AA’-as compiled by Mr. Ronson. Tho Avant of such a catalogue had 
long been felt, and its handy formed alphabetical arrangement 
found to bo a distinct convenience, greatly facilitating reference. 
During these years a general catalogue of all the original maps, 
plans, surveys, memoirs, field books, &o. in tho Department was 
under preparation by Mr. Saunders, and was finally published in 
1878. It was a laborious undertaking, and its successful completion 
reflected much credit on Mr. Saunders. Mr. Markham, Captain 
(now Colonel) H. R. Thuillier,* and Mr. F. B. Girdlestone had assisted 


* The xirescnt Surveyor- General of India. 
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in the earlier stages of its preparation. Its object was to supply a 
catalogue of all the geographical documents in the India Office, and 
with the addition of the regular quarterly lists of maps since 
received from India this object may be still said to bo secured. 
The enormous accession of new maps during the last fifteen years 
has, however, completely revolutionised the former condition of 
things, and an entire I’e-arrangeraent of the geographical collection 
of the India Office has now (1891) become necessary. The ideal 
organisation, did space permit*, Avould be* to have presses in and 
adjoining the map room sufficiently inimorous to accommodate a 
copy of every ma]j, old and new, for consultation and ready reference, 
with a reasonable margin of room in each press for future accessions. 
This would constitute the permanent collection. Space, however, is 
precious, and it will probably be necessary to effect some compromise 
which will enable those maps in most frequent demand to be stored 
within easy reach. The saleable and non-saleable stock, though also 
crowded, are conveniently arranged under reference numbers, and 
do not so urgently need additional accommodation. This re-arrange> 
ment of the collection will be a fitting opport\inity for the complete 
revision of the general catalogue.* 

In 1877, Mr. Markham’s retirement from the public service 
naturally affected in a very marked manner the geographical 
business of the office'. The Department or Branch was his own 
creation ; for ten years he had watched over its groAvth, and his 
geographical talents, his energy, and the personal example with 
which»ho inspired the stafl’, had borne good fruit. A short sketch 
of the public services of this officer is hero necessary. 

Mr. Markham served in the navy for eight years, during which 
time ho was employed in one of the Arctic Expeditions in search 
of Sir John Franklin. In July 1854 he was a])pointod to the 
Board of Control, and served in the Secret Dejiarttnoiit through the 
time of the J’ersian War and Indian Mutiny. From 1858 to 18(52 ho 
was in the Eevoniu' Department, and it was during that period 
that he was deputed to South America for the purpose of collecting 
chinchona plants and seeds and introducing them into India. 


* Burlng the last few years a useful series of cntalogues of current maps of the dilTercnt 
presidencies and provinces of India has been issued by the Surveyor-General of India, 
Tlie opportunity has been taken to biini these different fasdaiU together and reprint 
the work, with the julditioii of au index, for the use of tin? India Office and English 
readers. This catalogue, which will fulfil a much felt want, has been Just published. 
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From July 1861 to August 1863 he acted as Private Secretary to 
Mr. Baring (now Lord Northbrook). A Beoon.d visit was paid by 
Mr. Markham to India in 1865 for the purpose^! inspecting 
and reporting upon the then existing chinchona plantations, 
on the best sites for new ones, and on the pearl fisheries. 
He served as Geographer to the Abyssinian Expedition in 
1866, and was created a C.B. in 1872. It was during his service 
in the Public Works Department that Mr. Markham was entrusted 
with the charge of the geographical business of the India Office, and 
his tenure of this post was marked by many important reforms and 
services which he Avas chiefly or wholly instrumental in carrying 
Out. One of his first labours was the preparation of the original 
“ Memoir on the Indian Surveys,” a work which had a good 
circulation, and which was translated into the French and Dutch 
languages. Mr. Markham always strongly advised the preparation 
of similar “ Memoirs ” for all the Departments of the India Office. 
The resumption of Marine Surveys (which had been wholly 
abandoned after the abolition of the Indian Navy) was strenuously 
advocated by Mr. Markham, and eventually sanctioned, and the 
creation of a central Meteorological Department for the purpose 
of collating and utilizing the scattered observations was another 
matter which he continued, and with eventual success, to press 
upon the attention of the Government. The General Catalogue of 
all the Geographical Kecords of the Department was begfln by 
Mr. Markham, and continued and completed by Mr. Saunders. 
Another task entrusted to Mr. Markham about this time was the 
preparation of the Moral and Material Progress Statement required 
by Act of Parliament to be laid before Parliament. Mr. Grant DuflT, 
who had obtained the introduction of the section in the Indian 
Councils Act,* providing for the report in question, and'who was 
Under Secretary of State in 1872, was desirous that an interest 
should be aroused in Indian affairs by the annual presentation of a 
thoroughly readable document. The reports for 1871-2 and 1872-3 
were great improvements on their predecessors and gained general 
approbation. The discovery of the journals and other papers of 
Mr. George Bogle, who was sent on a mission to Tibet by Warren 
Hastings, and of Mr. Manning, the only Englishman who ever 
visited Lhasa, was due to Mr. Markham’s research, and the 
Secretary of State sanctioned their being printed and published at 


♦ 21 22 Viet. cap. UK), sec, liii. 
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tlie Government expense. An admirable introduction was prefixed, 
giving an account of Tibetan geography and history, and the 
journals were annotated throughout by Mr. Markham. 

On the retirement of Mr. Markham the geographical work was 
transferred to the Statistics and Commerce Department under 
Mr. H. Waterfield. For a time the correspondence and papers on 
geographical subjects were filed separately, under the special orders 
of the Secretary of State in Council, but on the 1st January 1879, 
other arrangements were made and the geographical and kindred 
papers were intermingled with those on all the other subjects, such 
as commerce, statistics, sanitation, &c., assigned to the new depart- 
ment. The subsequent history of the geographical work of the 
India OflBce has thus been merged with that of other subjects, and 
becomes a matter of great difficulty to trace, while the loss of 
Mr. Markham undoubtedly put an end to a good deal of projected 
work which the geographical staff would have helped to bring 
to completion. In 1879, Mr. Waterfield was created Financial 
Secretary, and Mr. W. G. Pedder, of the Bombay Civil Service, was 
appointed to the secretaryship of the Revenue Department, with 
which the old Statistics and Commerce Department, carrying with it 
the geographical business of the Office, was amalgamated. The geo- 
graphical work by a natural process of gravitation thus came under 
the control of the Revenue Department with which it undoubtedly 
has an increasing affinity. For now that the principal triangulation, 
and the first rough topographical survey of India are practically com- 
plete, •such fresh surveys as are required (apart from the trans-frontier 
operations) are mainly for revenue purposes, a need which the gradual 
extension of cultivation tends still further to enhance. The following 
year saw the transfer of the author to the Home Office in the capacity 
of Assistant Private Secretary to the Secretary of State for Home 
Affairs, and the special care of Indian geographical matters practically 
devolved upon Mr. Trelawney Saunders until 1885, when the return 
of the present writer to the India Office after five years’ service in the 
Home Office led to further departmental changes, Mr. Saunders 
retiring on a pension. Mr. Saunders had done much useful service 
in the cause of geography, both before and after his entry into 
the India Office. Endowed with strong geographical instincts and 
tastes he was appointed in 1854 curator to the Royal Geographical 
Society, and also acted for a time as Librarian to that body. In 
1857 he joined Mr. Stanford’s establishment (originally his own 
house), and here he edited the useful series of school maps issued 
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byHhe firm, as well as supervised the construction of ^ series of 
Library maps of the great divisions of the globe, designed by 
Alexander Keith Johnston. He also designed and superintended 
the construction of tho first detailed plan of London on the 
6-inoh scale, and assisted in editing the series of Biblical maps in 
Dr. Smith’s Ancient Atlas. During liis service in the India 
OflSce he produced a largo number of maps, which have served 
as useful models of cartography for the native draughtsmen 
and lithographers of the Surveyor' General’s Office at Calcutta, 
Foremost among those may be mentioned the excellent maps of 
the Haidarabad Gircars in continuation of the scries commenced 
^y Mr. Walker, and the elaborate and valuable sets of maps prepared 
to illustrate the Moral and Material Progress Reports of 1871-72, 
1872-73, and 1881-82. Mr. Saunders was also the author of 
“ A Sketch of the Mountains and River Basins of India ” and of the 
greater part of tho General Catalogue of the Geographical Collection 
of the India Office. Tho elaborate geographical arrangement of the 
catalogue was entirely Mr. Saunders’ creation. 

In 1885 the . Geog raphical-Branch underwent a further change. 
The appointment held by Mr. Trolawnoy Saunders was abolished, 
and the present writer was placed in charge of the Geographical 
business, under the control of the Registrar, the correspondence, &o. 
being transacted \inder tho general supervision of tho Library 
Committee. Thus in eight years tho geographical work came under 
the successive control of four different committees in the India 
Office. This, however, is a change similar to that which the- geo- 
graphical departments of most countries have had to undergo. The 
English Ordnance Survey was originally placed under the old Board 
of Ordnance, then under the War Office, and has since been trans- 
ferred, first to the Office of Works, and now to the Agricultural 
Department. In India, tho Survey Department has oscillated 
in like fashion between the Homo and Revenue Departments. 
Tho fact is, that surveys (apart from revenue surveys), while 
supplying the basis of statistics for all, have no special and 
inherent connexion with any one particular department. At the 
same time, tho work, though important, is limited in quantity, So it 
has always been necessary to place it under the wing of soine larger 
department. , ^ . 

There is ample scope for its future usefulness, and in the ReGord 
Department there is every hope that the traditions of ' its short bht 
active and profitable past will be not unworthily sustained. 
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APPENDIX.!. 


Beturn showing the Number and Value of the Scientific Instru. 
MENTS and Appliances provided for the various Services in 
India and examined at the India Store Dep6t, London, from 
January 1887 to January 1890. 


Description of IiiKtrument. 


Value. 


Accmnnlatois - • . . 

Agates . . „ _ 

Air-pump - - . . ^ 

Altazimuth • - . ^ 

Ammeters - 
Anthrojiouictric apparatus 
Apparatus, primer and relay 
Ap[)aratus, circuit closing . - ^ 

Anemometer - - . . 

Anemograph - . . . 

Apptjrnt us for lifj uefact ion of gases - 
Apparatus for interference of sound - 
Apparatus for water analysis 
Apparatus to illustrate Ayrton’s practical elcctriciiy 
Apparatus, electric light - - . 

Arithmometers - • . . 

AstrciKfniical clock - - . . 

Apparatus, submarine mining, various 


£ s, (L 

20 0 6 

39 18 0 
2 10 0 

40 0 0 
21 0 0 
11 1 0 

400 0 0 
478 0 0 
251 0 0 
85 0 0 
12 8 0 
1 0 0 
46 0 10 
200 18 0 
2,332 10 0 
75 0 0 
70 0 0 
562 16 0 


Balances, weighing, vaiious 
Balances, electrical 
Barlow lens 
Bars, standard - 
Barometers^ aneroid 
Barometer.*^, mercurial 
Barographs, repaired 
Batteries, voltaic, various - 
Bells, alarum 
Binoculars, various 
Boards, drawing 
Boards, sketching 
BtTbblo tester 


532 0 0 
210 0 0 * 
2 15 0 
15 0 0 
428 3 11 
003 11 0 
6 5 0 
513 8 1 
It) 12 0 
512 10 10 
14 10 0 
45 0 0 

20 0 0 


Cabinets, chemical 
Cables, electric, various 
Calliper’s micrometer 
C^rds fur cornptisses, various 
Carbon plates - 
Ci^cs, sketching ' - 


858 0 0 
2,2G1 19 2 
18 0 0 
9 I (> 
514 11 0 
64 15 0 
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Description of Instrument. 


Value, 


Catlietometers - 
Chartometer 
Chains, measuring 

Chronometers . - . 

Chronomierometers 

Chronographs 

Clocks ... 

Collimators - - - - 

Comparing apparatus for standard measures 
Combination boxes - - - 

Compasses, drawing, various 
•Compasses, magnetic 
Compasses, prismatic 
Compass, liquid 
Compass, subtense 
Clinometers 

Core for telegraph cables - 
Cross staves . - • 

Curve ranger 

Curves, various - - • 

Carbons for Jablochkoff lamps 


Dioptric lights for lighthouses and ports 
Dip needles - . • 

Dynamo machines - 
Dynamo exploders - 
Dynamometera - 


Educational apparatus, Riggs’ 

Electric bells . - - 

Electrometers 

Electro*inagnetic and galvanic machines 
TEngine counters 
Exploders - - 

Eye pieces for theodolites and levels 


Fault finder, telegraphic - 
Field cable, Siemens* 


Galvanometers, various 

Gauges, pressure and vacuum 

Gauging instruments 

Gauges, standard 

Glass spirit bubbles 

Glasses for heliotropes 

Glasses, object - 

Glaaaes, tracing 

Glasses, reading 

Glol>es 

Goniometers 





£ 

s. 


- 

- 


58 

0 

0 

- 



2 

5 

0 

- 

- 

- 

41 

4 

0 

- 



224 

0 

0 

- 



108 

0 

0 



- 

122 

2 

0 

- 


- 


15 

0 

- . 



100 

0 

0 

- 

- 


75 

t) 

0 

% 



;h 

0 

0 


- 



0 

0 




107 

14 

0 

- 



370 

15 

0 

• 



77 

0 

0 

- 

- 


1 372 

0 

0 

• 



i 100 

18 

0 




! 15,415 

0 

0 

• 



n 

t 

8 

0 


* 


12 

0 

0 




;v9 

0 

0 

• 

• 


331 

18 

0 


• % 


n 

6,115 

s> 

0 




24 


0 



. 

2^5 

10 

0 


• 

- 

2 

15 

0 




o 



. 

. 


138 

13 

1 

• 

• 


10 

0 

0 

. 

- 


\9 

18 

0 

- 

- 


409 

8 

6 

- 

- 


1) 

7 

0 

- 

- 


8 

0 

0 




72 

10 

0 




fit 



• 

« 

- 

57 

0 

0 

• 

• 

• 

918 

0 

0 


. 

. 

320 18 

0 


- 


306 14 

0 

- 

- 


39 

12‘ 

6 


. 


12 

12 

0 

- 

- 


261 

10 

0 


- 

• ^ 

30 

13 

5 

- 

- 

1 

* 1 

36 

15 

0 

• • 


. 

4 14 

6 

- 



30 12 

6 

• 

- 


6 12 

4 

• 

- 


17 10 

0 
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Description of Instrument. 


Heliographs 
Heliostat, with block 
Hydrometers, various 
Hygrometers 
Hypsometers 


Indicators, llichard’s steam engine 
Ink writers, telegraphic - - ' - 

Instruments, mathematical di awing, in cases 
Instruments, vibrating call signal 
Instrument, telegraph, double and single current 
Insulators, various - - . - 

Insulating stand - . - . 

Integrators ----- 


Keys, telegraphic 
Keys, firing 

Keys, reversing, Thomson’s 


Lactometers - - - 

Lamps, referring, &c. 

Lamps, miners’ surveying 

Lamps, electric incandescent 

Lathes - . - 

Lenses for eye-pieces 

Lens, rapid rectilinear photographic 

Levels, ^tstronomical 

Levelling instruments, reversible 

Levels, i-efleciing 

Levels, spirit block - 

Levels, striding - 


Machine, drilling - 
Magnets for relays 
Magneto-inductor bridge 
Meters, air 
Microscopes, various 
Mirrors for sextants 
MiiTors for heliographs 
Mines, submarine - 
Miners’ dial 
Micrometers 


Nickel anodes 


Observing chair 
Observatory dome - 
Ophthalmic test glasses 


Value. • 




£ 

i. 

d. 

- 

- 

130 

4 

0 

- 

- 

o 

10 

0 

- 

- 

702 

0 

0 

- 

- 

19 

0 

0 

- 


24 

0 

0 



21.4 

10 

3 

- 


' 930 

0 

0 

- 

- 

I 1,295 

0 

0 

- 


i 10 

0 

0 

- 


> 282 

0 

0 

- 

. 

15,588 

12 

11* 

- 

- 

1 0 

11 

0 

- 

- 

i 17 

0 

0 


- 

-1 




- 


7 

14 

6 



3 

12 

0 


. ' 

17 

1 

0 



11 

0 

0 

. 

- i 

545 

7 

0 


1 

278 

0 

0 

- 

- 

118 

19 

6 


- 

0 

0 

0 



15 

0 

0 


- ; 

4,416 

0 

0 

- 

« 

112 

8 

0 


- 

35 

0 

0 

- 

- ■ 

24 

0 

0 


- 

- , 

35 

0 

0 

- 

- , 

40 

0 

0 


- ' 

16 

10 

0 

- 

. 

8 

8 

0 

- 

- > 

210 

19 

0 



32 

14 

6 

- 

- 

70 

4 

4 

. 

- ‘ 

2,227 

14 

0 


- 

17 

10 

0 

• 

“ 

12 

4 

0 

- 

- 

4 

18 

0 



23 

5 

0 

. 

- 

250 

0 

0 

m 

• 1 

25 

4 

0 



c Description of Instrament, 

Value. 






£ 

.V. 

ri. 

Option! squares - • - 

- 

• 

. 

- 

6 

6 

0 

Optical bench 

. 


• 

. 

8 

0 

0 

Optometer, Tweedy’s 

- 


- 

* 

0 

7 

6 

Pen?, drawing • - - 





20 

16 

0 

Pontugrapba ... 

- 

. 


. 

292 

10 

0 

Photo-inicrograpliic apparatus 

- 


- 

- 

35 

3 

0 

Physical apparatus, various - 

- 

- 

- 

- 

1,714 

10 

0 

Plnne-tsbles . - - 

- 



. 

128 

0 

0 

Phuii meters 


. 

. 

* 

372 

19 

6 

Polariscopea . - . 

- 


- 

- 

3 

5 

0 

® Protractors, various - - - 

. 

. 

- 

- 

49() 

4 

0 

Pyrometers, various 

- 


- 

- 

20 

16 

0 

Pitch compound for cables, telegraph 

- 


“ 

* 

560 

13 

0 

Pain gauges - - . 




. 

113 

13 

6 

J?.ange finders, various 

- 



- 

519 

5 

0 

Relays - . - 

- 


- 

. 

275 

7 

0 

PesisUince coils . • - 

. 


- 

- 

53 

10 

0 

Rulers, parallel, various 

. 



- 

615 

4 

6 

Rules, boxwoo(l ... 

. 


- 

. 

37 

13 

0 

Rules, (hit, various 

- 


- 

- 

•1S(S 

15 

4 

Revolution indicator, Russ’s 

- 


- 

- 

21 

aO 

0 

Sand glasses 





30 

0 

0 

Scales, various - . - 

- 

- 

- 


793 

2 

6 

Sectors - . . . 

- 


» 

- 

3 

7 

0 

Sot squares, various 

- 

- 

- 

- 

Oil 

5 

7 

Sextants, various 

. 


- 

- 

105 

10 

0 

Slide rules, various 

. 

- 

- 

- 

16 

11 

0 

Slojies and batters . - - 

. 


- 

- 

2 

5 

0 

vSounders, telegraph 

- 

- 

- 

- 

211 

1 

0 

SpccdometerH . . - 

- 


- 

- 

8 

12 

6 

Spectroscopes - - - 

- 

- 

- 

- 

52 

11 

0 

Spherorneter ... 

. 


- 

- 

8 

18 

6 

Stadionieters ... 

- 

- 

. 

- 

. 97 

7 

6 

Station pointers 

- 


- 

- 

67 

10 

0 

Standard yard measures - 

- 

- 

- 

- 

45 

0 

0 

Stencil plates . . - 

- 


- 

. 

24 

7 

10 

Storm glass . . - 

- 

- 

- 

- 

0 

G 

0 

Straight edges . . - 

- 


• 


176 

15 

0 

Stop watches . - . 

- 

- 

- 

- 

36 

0 

0 

Stills .... 

. 


• 

. 

58 

9 

0 

Sundials - - - - 

- 

. 


* 

46 

0* 

0 

Switches, battery - - • 

- 

- 

- 


2 

3 

0 

Serving tajie for cables, telegraph 


* 

• 


3,088 

10 

0 

Tachometer • • - - 





31 

10 

0 

Tapes, measuring, various 

- 


- 

- 

1,550 

15 

3 

Telemeters • •• • • 

• 

- 

• 


14 

17 

0 
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Description of IiiBtrument. 

Value. » 





£ 


d. 

I'clepbones, various ... 

- 

• 

• 

83 

7 

9 

Tell- talc apparatus - - - - 

- 

- 


17 

3 

0 

Telescopes, \arious 

- 

- 

- 

06« 

7 

0 

Tellurioiis . , - - - 

- 


- 

6 

5 

0 

TherrnomcterH, various 

• 


_ 

1,116 

19 

9 

Theodolites, various , . - 

- 

. 

- 

8,657 

0 

0 

T squares . . - . 

* 

- 

- 

29 

3 

6 

Urinometers - ' - ^ - 

- 

- 

- 

228 

5 

0 

Water meters - . - . 




•18 

2 


Weights, assay ... - 

- 

- 

- 

14 

2 

6 

Weights, troy, avoirdupois, and tola standards 

“ 

“ 

* 

81 

0 

0 

Zenith telescope - . , . 



* 

90 

0 

0 

Zinc rods for batteries ... 

- 

- 

- 

42 

8 

8 



£ s. 

<L 




Miscellaneous apparatus not included under 

any of / 

'3,215 18 

10 




the above headings - 

-1 

2,070 10 

() 






— 

— 

5,316 

9 

4 

Total (January 1887-January 1890) 

- 

- 

94,728 

9 

7 




INDEX. 


A. 

A-, — k (Kishen Sinf^h), 151^157, 235. 

Abbas of Glmr, 184 (note). 

Abbott, Oeneral, 333. 

Abors, 165. 

Abu, Mount, 266, 274 j Jaina temples at, 322, 
324. 

Ab-i-istadeh lake, 136, 146. 

Ab-i-Sar-i-jaiigal, 183. 

Ab-i-Siirkh, 120. 

Abyssinia, Mr. Blanford deputed to, 2.69, 
Abyssinian Expedition, Mr. Markbiim in, 376. 
Achecn, 26. 

Actinometric observations, 289 ; at Lch, 293, 
295, 296, 

Adai^, Mr., (lovernor of Madras, 357, 358. 
Adam’s bridgi, 261. 

Aden, 197, 205, 213. 

Admiralty llydrograplior. S(>e Hydrograpbcr. 
Admiralty publications, increase in sale of, 9. 
Adraskupd river, 176, 185. 

Aerial deposits in Afghanistan and Ralucliistan, 
254. 

Atglian Boundary Commission, 96, 128, 172-195, 

267, syoid passim in Chapter VII. 

Afghani.stan, triangulation extended toMards, 47 ; 

surveys of Afghanistan during fir.st Afghan 
Wars, 128, 13.6, 139 ; survey lessons of later 
campaign in, 131 ; connexion between triangu- 
lation in JCorth and South Afghanistan, 1 46, 1 67, 
194; maps of Afghanistan, 223, 226, 235; 
metals of Southern Afghanistan, 255 ; geologi- 
cal specimens from Afghanistan, 271 (note) ; 
Mr. Griesbach in Northern Afghanistan, 278. 
Afghan Turkistan, 186 and pdssim through 
Chapter Vll. ; geology of Afghan Turkistan, 
270. 

“ Afghanistan and part of Baluchistan, Notes on,” 
by Major Kaverty, 365. 

A/rican» South, tides, 200. 

4frican types recognizable in Karnul cove fauna, 

268. 

Agathokles, coins of, 37^, 

Agra, 206, 213 ; Agra observatory, 286 ; monu- 
ments in, 328, 338, 343, 344. 

Agricultural statistics supplied by good revenue 
surveys, 100 j collected by Survey I)ei>arfment 
in N.W^. Provincesv 113. 
j ¥ 20321. 


Ahalyabai temple at Klura, 351. 

Ahmad Say ad, sub-surveyor, 166. 

Ahmad Shah, 365. 

Ahmadabad, 322, 325, 354, ib. (note), 362. 
AhinaJuagar, 842, 355. 

Alimadnagar district survey, 1 23. 

Ahmed Ali Khan, 96, 99, 144, 145. 
j Ahmed Kliel, battle of, 136. 

I Aihole, 323, 324, 3.63. 

Airy, Sir G., 213. 

Aitchison, Dr. J. E. T., 194. 

Ajaiita rock, temples, and paintings, 342, 346 
(note), 3.62,854, 356. 

Ajaygarh fort, 337. 

Ajmir, 240 ; Ajmir Forest school, 298. 
Ajmir-Merw'ara district boundary survey, 108. 

Aka raid, 78, 260; Mr. La Touche in the Aka 
hills, 264. 

Akbar, Empeior, 330, 343 ; tomb of, 322, 3t4. 
Akrum Khaii, 131. 

Aksu, 158. 

Aksu river (Pamir), 193. 

Akyab, 1 ; commencement of survey of, 3 ; line of 
soundings run south to latitude of, 28 ; tidal 
station at Akyab swept away by storm, 207 ; 
Akyab cyclone, 300 ; antiquities in Akyab. 

Alaiva temple, 343. 

Alcock, Sir H., 1 65. 

Alcock, Surgeon A., 31. 

Alexander the Great, 188; route of, 326; coins 
of successors of, 337. 

Alexandria, map of, 224. 

Alexamlriuu merchants, Surashtra known to, in 
early times, 347. 

Ali, son-in-law of Mahomed, 184, 189. 

Alichur I’amir, 193. 

Aligarh, district survey, 108 ; 246. 

Ali Khcl, 133. 

Ali Musjid, 124, 130, 333. 

Alipore, meteorological observations at, 293, 299, 
306. See also Calcutta. 

Allahabad, 206 ; observations at Allahabad, 285, 
293, 304, 306 ; 820 (note) ; Dr. Eiihrer in, 340. 

AUeppi mud bank, 274, 277. 

Alluvial plains as geological group, 236. 

Almar plain, 181. 

Alompra, 363, 
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INDEX. 


Alps compared geologically with the IllmalayuK, 
271 (note), 

Altimor range, 134. 

Alwar, 336. 

Amalgamation of the branches of Indian 
Survey, 40, 100. 

Aman iil Muik, Badshah of Chitral, 160. 
Amiiranath, Jaina temples at, 324, 327. 
Aiuarapnra, 364. 

Amb fort, 333. 

Ambala district, Mr. Kodgers in, 340. 

Amherst, pagoda and Point, 2 ; 201, 204, 207. 
Aniravati tope, 322, 357, 358 ; Dr. Burgess on, 
360, 

Amritsar, 51. 

Amsterdam Exhibition, 294. 
ifmua meridional series, 214. 

Amy a pass, 54. 

Analysis of tidal observations, 197. 

Andaman islands, 26, 29, 30, 31, 32, 33, 166, 
204 ; ores from the Andaman islands, 264 ; 
necessity of telegraphic communication with 
Andaman islands, 310, 311. 

Anderson, Colonel F, C\, 112. 

Anderson, Colonel W. C., 86. 

Andhras, The, 351. 

Andkhiii, 174, 178, 183, 186. 

Andrew, Major 1). C., 116, 123. 

Anemograph ic observations, 201, 306. 
Angirtakshia mountains, 153, 157. 

Anglo-Siamese Boundary Commission, 170. 
Anhilwada, 88, 

Anjar, 350. 

Ankai-Tankni, 353. 

Aukole, antiquities in, 342. 

Antiquitie.s, Preservation of, 341 and ^uissim in 
Cliapter XV. 

Ants’ nests in Tiiinevelly and Madura, 262. 

Ao Barik, 180, 

Aorno»«, rock of, 337. 

Apnluk pass, 150 (note). 

Arab, old, coins, 173. 

Arabia and Persia, map of, 235. 

Arabian NefM, 262. 

Arabian Sea, Meteorology of, 302, 306 ; cyclone 
in Arabian Sea, 307 ; Arabian conquest of 
Sind, 348. 

Ambic inscriptions, 339, 346 (note). 

Arakan, 201 ; Arakan-Manipur geological axis, 
260 j antiquities in Arakan, 364. 

Arnng, 335. 

Archsean rocks (as geological group), 236. 
Archaeological drawings, Keproduetiou of, 226. 
ArchsBological Survey liecord, 371. 

Archaeology, Indian, 320-372 ; paper by Dr. 
Burgess on, 321 ; first scheme of survey of, 325 ; 
survey suspended by Lord J^awrence, 327 ; 
survey re-organized, 338 ; last re-organization 
of, 361 ; Survey Staff, 862. 

Architecture, Mr. Fergussou on hi.'«tory of, 360. 


Architecture, Indian, classified, 321 et seq. 

Arcs, measurement of, 209. 

Aret in Chugani or Kohistan country, 130. 
Argandab river, 129, 136, 254. 

Ai*garicus, Sinus, of Ptolemy, 46. 

Arghastan valley, 136. 

Argyll, Duke of, 368. 

Ariana, Princes of, 369. 

Ariano-Pali characters, 369. 

Armenia, Geological collection in, 257. 
Armstrong, Dr., Collection of ornithological 
specimens by, 6. 

Arnpvai river, 150. 

Arrian, 331. 

Arrowsmith, Mr. Aaron, 229. 

Art ware, Heliogravure reproductions of, 227. 
Aruu river, 160. 

Arvali mountains, 238, 243, 256, 266, 269, 274. 
Ashizar, 180 (note). 

Ashwaraopet, 247. 

Asiatic Society of Bengal, founde<l 1784, 320; 

centenary review of, 325 (note) ; 367. 

Asiatic Society of Bombay, 367. 

Askarub, 180. 

Asoka, King, his inscriptions and edicts, 320 
(note), 321, 326, 329, 331, 332, 333, 337, 338, 
340, 347, 348, ib. (note), 349, 352, 369. 
Asphan valley, 135. 

Assam, 51 ; discharges of Assam rivers, 52 ; 57 ; 
Assam frontier surveys, 75, 78, 7^; deputation 
on communication with Assam, 165 ; 167 ; 
Assam lakhirujdur survey, 126; 231; Mr, 
La Touche on eastern frontier of, 267. 

Assyrian coins, 173. 

Astarab river, 182. 

Astor, 144, 145,270. 

Astronomer Royal, 213. 

Astronomical observations, 210 e/ seq. 

Atu Mabomed Khan, 150, 177, 188, 190, 191. 
Atala Masjicl at Junnpur, 339. 

Atkinson, Mr. VV. G. E., 163. 

Attaran river, 364. 

Attock, 141. 

Attraction, local, as affecting geodeftic observa- 
tions, 210. 

Auckland, 234. 

Auruiiga coal-field, 244, 250. 

Aurangabad, 825, 350, 351, 352, 353. 

Australian Gondwana rocks, 266. 

Autotype Company, 227. 

Ava, 364. 

Ayodhya, 340. 

Ayub Khan, Revolt and defeat of, 137, 253. 
Azimuths of stations, 209. 
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B. 

Baber, Emperor, 33(5. 

Babiiigton, Dr. B. G., 321. 

Bactria, 193 (note). 

Badakshan, 186, 191, 193 (note), 194; M i 

S in, 143 ; 270. , ; 

Badami, 323, 347, 353. 

Badgbiz, 177, 178, 195. 

Badgley, Colonel, 75, 89. 

Bagh caves, Paintings in, 342. 

Baghaiivala, Temples at, 333. 

BagbaOy 92. 

Baghdad observatory, 300. 

Baghnmti river, 162. 

Bahinani dynasty, 350. 

Baird, Major A. W., B.K., 25, 196, 204, 207, 
224. 

Bakarganj district snrvey, 1 20 ; Bakarganj cy- 
clone, 287. 

Baktro-Hellenic kings, 348. 

Bala Hissar (Balkb), 18H. 

Bala Murgbab, 180, 195. 

Balaghut, 274. 

Balal Sen, 334. 

Balttsore, 207 ; survey of roadstead, 19 ; cyclone 
at, 303. 

Balipur, 78. 

Balklf, 174, 182. 183, 187, 188. | 

Balkh Ao, 181, 186, 189, 190. 

Ball, Dr., 238, 243, 277. 

Ballia district survey, 109. 

Balmir, 238. | 

Baltistait, 270. 1 

Baluchistan, survey of, 47, 92, 93, 98, 99 ; | 
triuugulaiion in S.W., 147 ; 270 ; geodetic I 
determinations iii, 215; map of, 226; coal, j 
oil, a'bd iron in, 275, 277 ; >vesterly wind 1 
from, 286. 

Bam valley, 91. 

Bambimitb, 150. 

Bamian, 174, 182, 183, 190. 

Bandalkhand*, 328 ; General Cunnhigbam in, 
329, 336 ; Dr. Euhrer, 340. 

Band-i-Amir (.vee n/.so Balkh Ao), 189. 

Baud-i-T’urkestau mountains, 177, 178, 179, 
181, 186. 

Bandar, 179. 

Bandar Abbas, 176, 

Bangalore, 60, 84, 211, 212, 215. 

Bangkok, 54, 64, 210. 

Bankote, Survey by Lieutenant Pellcy of, 9, 10, 
Bankote river, Dangerous state of mouth of, 7. 
Banku]%, 245. 

Banna, 104, 146, 149. 

Banpur mah survey, 115. 

Baoli 'vrcll, 336, 

Bar Margi valley, 148. 


Bar Pan jab, 193. 

Baragan, 180. 

Baragua mud flat, 36. 

Barakar, 248, 329 ; Barakar iron works, 274. 
Baran, 149. 

Baranga islands, coal from, 246. 

Barbour, ^Ir. I)., 12. 

Barghana route to Kandahar, 136. 

Barma 3 'aii, Buddhist monastery at, 330, 

Baroda cit}^ surve) ,89. 

Baroda, Gaikwar of, 354, 355, and Cnot(*)- 
Baroda State survey, 87, 88, 89. 

Baroghil pass, 143. 

Bjirren islands, 26. 

Barron, Colonel W., 1 10. 

Barrow, Cuptuiu, 162. 

Barrows in Sborapur, 323. 

Bartung river, 143. 

Barton, Kev. J., 318. 

Basalt ill Khundesh, 71. 

Base line at Mergui, 56 ; other base linos, 01. 
Basevi’s, Cajituiu, pendulum observations, 213. 
Bashkar, 142. 

Bas.seii!, 1 ; liindtaiict-s to free navigation of river, 
3 ; examination of, 33 ; s(»unding8 re(|uirccl 
in cnirunce to, 36; cadastral survev" of, 116; 
361. 

Busti district survey, lU), 111. 

Butauis, 149. 

Bathaiig, 155. 
fiauris or v ells, 325. 

Bay of Bengal. “ Investigator ” takes soundings 
across, 20, 23, 28; temperature of, 28, 31; 
sounded and result of soundings, .‘52, 3.3 ; 
weather chart of, 292, 300; meiiMnology of, 
297,302, .306 ; storm warnings from, 310, 311. 
Bazar valley, Cajflain Leach's survey of, 130. 
Beauchamp Tower, Mr., 199. 

Beavan, Major, 92, 93, 94, 104; route survey 
from Kandahar to Girishk, 129 ; in Southern 
Afghanistan, 135. 

Bedsu, 3,52. 

Bcglar, Mr, .1, D., passim in Chapter X\^^. 

Behar, cadastral survey, 118; General Cunning- 
ham in Buliar, 333, 335, 336 (note) ; cave 
inscriptions in, 369. 

. Bejwada, 357, 3,58. 
j Belgaum survey, 126 ; Belgaum observatory, 
285 ; 323, 346, 347, 354, 362. 

Bell, Major-General, 86. 

Bcllary, 212; Mr. Foote in Bellary, 266, 268; 

Bellary observatory, 28.5. 

Benares district survey, 109 j Benares rainfall, 
288. 

Bengal, Bay of. See Bay. 

Bengal Coal Company, 244; Sub inetamorphic 
rocks of Bengal, 245; Bengal storms in 1876, 
288 ; storm warnings, 292 ; Bengal, General 
Cunningham in, 333 ; history of, 334 (note) ; 
list of monuments in, 345. 

Bengali aichitecture, 322. 

Bb 2 
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BertSin/?h, 152. 

Bcrars, 231 ; mouuinents in, 342, 345. 

Bcrid dy misty, 350. 

Betiya, 332. 

Betiil district, coal in, 2GU. 

Beverley, Mr., 53 ; his death, 55. 

BL7pnr, 4, 5, 0, 27, 31, 197, 206. 

Beyt harbour (Baroda State), 20. 

Bhadresvur, 350. 

Bhagirathi valley, 51, 334. 

Bbaja, 352. 

Blmmo, 25, 166, 168, 109, 170,299. 

Bliandak, Buddhist eaves at, 329. 

Bharlmt, stupa of, 329 and (uote), 337 j General 
Cuuninghaiii on, 338 ; 370. 

Bhaunagur, 24, 26, 34, 201, 206, 256 ; Bhauimgar 
observatory, 307. 

Bbuu Daji, 367. 

Bliavaiieswar temples in Orissa, 327. 

Bhil tribes, 69, 71, 2.56. 

Bhilsa lopes. General Cunningham on, 337. 
Bhitargaon, 337. 

Bhopal and Malwa survey, 72, 87. 

Bliore Ghat, 200. 

Bhoteas, 49. 

Bhuila 'I'al, 331, 340. 

Bhuj, 350. 

Bhutan, 151, 162 ; Bhutan Duars, 205. 
Bibliography of Indian geology, 276,280. 

Bidar, 60, 350. 

Bidduli)h, General, 129. 

Biddiilpb, Major, threatened by Gilgit tribes, 144; 
I.-jO. 

Bljapur, 322, 3.55, ih. (note) ; Hart’s illustrations 
of the principal Muhaiiiinadan buildings of, 360. 
Bijayanagar, 343, 359, 362. 

Bikaiiir, 80, 81 ; Mr. Oldham in Bikanir, 269. 
Bilaspur district survey, 120. 
r Bilbari, 329. 

Bilsar, 330, 337. 

Bimlipatam, 4. 

Birbhum, 245. 

Birjaml, 174, 177. 

Birmal hills, 147. 

Bizoti valley, 149. 

Black Mountain Expedition, 150, 151. 

Black, Mr. E. C., C.E., 330, ib, (note), 343,. ib. 
(note). 

Blanford, Mr. B. F., F.B.fci., 12 ; makes tour of 
meteorological inspection, 283; retirement of 
and sendees, 808. 

Blanford, Mr. W. T., peufitim through Chapter 
XU. His retirement and services, 259. 
Bodawpam, King, 364. 

Bogle, Mr. G., 874. 

Bogosta valley, 150. 

Bohkara, 182. 

Bolan pass, 94, 253 ; Bolan route, 98. 


I Bolarurn, 212, 213. 

: Bologna Geological Congress, 255, 276. 

! Bolst, Mr. n. J., 69. 

I Bombay, Marine, 1; 4, 10, 11; becomes head- 

I quarters of marine survey, 18 ; Bombay coast 
wants charting, 35 ; Bortlbay revenue survey, 
86, 122, 128 ; Bombay suburb.s survey, 125; 
Bombay forest surveys, 89, 126; 197, 20u, 201 ; 
mean sea level at, 202 ; 212, 213, 21.5 ; Bombay 
Presidency (in Indian atlas), 231 ; Bombay' 
and Baroda Hail way, floods on, 297 ; Bombay 
storm warnings, 292, 304 ; Bombay Chamber 
of Commerce, 304 ; Bombay Geographical 
Society, 318; Bombay meteorological obser- 
yatious. -SVe Colaba ; Bombay Presidency, 
‘monuments in, 341, 345; rock cut temples in, 
346 ; Cave Temple Commission, 367 ; Bombay 
Asiatic Society, 368. 

Boram Deo, temples at, 332, 335. 

Borddhoukuti, 334 (note). 

Bori valley, 97, 147. 

Boring operations, Question of cciidtict of, 275. 

Bose, Mr., 264, 272, 274, 325 (note). 

Botanical investigations, Afghan Boundary Com- 
mission, 104. 

Boury, IM. (French missionary), 155. 

Bouttlower, Mr. W. N., 311. 

“Bozdar,” 'fhe, 146, 148. 

Brachiopoda of 8alt Hange, 259, 263. 

Brqhmakund, 15.5. 

Brahmaputra river, 52. See also Sanpo, 

Brahmaputra (Cooper’s), 155. 

Bralmi mountain system, 98. 

BrahuiJi range, 254. 

Brandis, Sir 1)., 294. 

Branfill, Colonel, 5, 46,47, 56, 57, 219. 

Brent, H.N., Captain II. W., 12; report on 
Marine Survey Department, 12 ; detailed 
recommendations by, 1 3 ; his scheme approved 
of by Governtnent of India, 15. 

Brett, Lieutenant, 367. 

Brindaban, 344 and (note). 

Briigaris, The, 248. 

British Association, 197, 203 {also note). 

British Museum, 368, 

Broach, 34, 346 (note), 355, 362. 

Buchanan, Francis, 367. , 

Buckingham, Duke of, Governor of Madras, 358. 

Budaun revenue survey, 108 ; Muhammadan 
masjids at Budaun, 330, 340. 

Buddha, sites connected with career of, 330, 331, 

332, 335. 

Buddha Gaya, 326, 328, 329 and (note), 331, 

333, 335. 

Buddhist remains in Kabul valley, 134; a|so 
near junction of Logar, 134; in Afghan 
Turkistan, 190 ; 321, 322 ; at Ali Masjid, 388 ; 
in Central India, 337; Buddhist monaateries, 
336, 349 ; Buddhist cave temples, 352 ; remains 
ill Southern India, 359. 

Budi, 161. 

Buffalo, meeting of geologists at, 255. 
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Bu^rti country, 1)5, 97, 256 
Buhler, Professor G., CJ.K., 354, 372. 
Bulundshahr district survey, |0H. 

Bunji, 142. 

Burgess, Dr. passim CJhai>tcr XV. 

His retirement and services, 361. 

Burma, ports of. Commander Taylor’s tour of 
inspection of, 1 ;‘2(); Jkirina coast, 36 j trian#yu- 
lation in, 66; 165, 166; reconnaissances in 
Upper, 167; 231; maps of, 226; coal-fields in 
Upper Burma, 273 ; oil fields in Upper Burma, 
276 j mineral resources of Upper J5urma, 278, 
279 ; observatories in Burma, 299, 3o9 • 
research in Burma, 363 ; iiurma! 
Chief Commissioner of, .364. % 

Burmarisas surveyors, 116. 

Bum, Messrs., 8c Co., 277. 

Burnes, Sir A., 1 90. 

Burraballim^r river, 19. 

Burrard, Lieutenant S. G., 214, 215. 

Burt, Lieutenant, 321. 

Busbire, 208. 

Bustar, 240, 256. 

Butkak, 140. 

Buxa J)uar, 163. 

Byans valley, 48, 49. 

Bythell, Lieutenant, J 70. 

Byturiice river, survey of portion of, 19. 


0 . 

Cachar survey, 116; Cacliar eartlKpiake, 257. 

Cadastral surveys, nature of loo, I02. 

• Cadell, C^olonel, in the Amlatiians, ,31. 

Cairo, Map of, 22 1. 

Calcutta, bcad-qiinrtcrs of marine survey moved 
from Calcutta to Bombay, 18 ; Calcutta survey 
121, 122; 204,206, 213; Calcutta Exhibition, 
266 ; CalcuJ^a observatory {see also Alipore), 
285, 288, 289, 305; Calcutta u'calber rcpoits, 
298 J Calcutta, Ciitchearlh<iuake felt up to, 3 19. 

Calicut, 4, 5, 16, 31, 274. 

Calingapatam, 4,21. 

Callian Junction, 200. 

Cambay, Gulf of, wrecks in and lighlijm of, 7 : 
surveys in, 27, 84. 

CaAbay, Inscriptions from, 346 (note) ; 355. 

Camels, Wild, 154. 

Campbell, Colonel W. M., 129, 211, 213, 219. 

Canadian tides, 200, 

Canara** See Kanara. 

Cauna-nur, 4, 31, 32. 

Canning, Earl, 62, 237, 325, 3,37; minute on an 
arohmological survey, 326 (note). 

Cape N'egrais, 86, 58/ 


Carew, I.X., Captain G. O’B., 8. 

Carey, Mr. A. 1)., 157. 

(Wlcyle, Mr. A. V., ,msim Chiii-U!!- W. 

(Janiuc, General .J., 367 . 

Carnatic, tlie. 46 ; drought in, 800 . 

Carpenter fommander Alfred, as.siinie, di- 

uVn, n ’ "'^l'«'''eiice on hoard JI.M.S. 

Clmllenger, 23; Ifawadi survey party formeil 
••«der, 34, pilots (lolilla „p to " '"V- 

‘^I'^otorc of Jtny of liongai 
J, -8, 30, ,1.3 ; list ol marine survey reuiiire- 
meiiis drawn up by, 34. ^ ^ 

Carrington. Mr. R. C., C. n ; retirement of, l ;) . 

t inter. Captain T. T., Madras coast triioicrnlntion 

Carter, Dr., T.X., 237. 

Cautley, Sir P., 236. 

Caiiver^dvaveri) river, tfi; Colon,.] iir„„(i|| o„ 
pliysiograidiy ofd,dtaof, 4(i. 

Cavagnari, Death of , Sir h., 132 . 

Caves, Hiuldhist .J„ina aiol li.alimaniral, .33.) 

and prmiw 111 Chapter XV. 

Cave temples of India,” “ The, .351, , 350 . 

C.elerity, Indiiin mariiK^ steamer, iyG. 

( ensus of 1872, 317. 

C.'iilral Asia formerly supposed to originate 
Indian summer monsoon, 290. 

^''wJws,' 32K.'’'''''‘‘‘'’* Mir. 

('mitral India, eleetro-t.degraidiie ob.servations in 
-lo; na-teorology of, ;U!ij aeneral Cmunne. 

A«i e*"'*'); 'Major Keith iipp„i,i(ed 

Assistant Curator of Moniiments‘' for, ,343 . jj,, 
biihrer’s list of monuments in, 316. * 

'0 m''"'’' sJ ." '*• I'rovinces, 

Kamfdll 111 , .iOL ; General Cunningham iii,;)2y 
Jd.M monuments in, ;142 ; statistical in,,„irie.s 


Ceylon, triangulation eoiineofLil with Indian 
204, 229, 261. ’ ’ 

Cliag.sum, 165. 

Chuhar Aimak, 178, 179, 183. 

Cbaliar-burjak, 173. 

Chuhardar, 180, 184. 

Chaharsada, 179, 180. 

( 'haharsluunba, I8t). 

Chahil Abdal, 184. 

Chaitya or Buddhist temple cave'., 323, 
CUakchuran, 179, 180. 

Chakmani territory, 271 (note). 

Chalupdulau, 184. 

Chalukya architecture, 322, 324, 362, 363. 
Chalukya dynasty, 350, 357. 

Chamulang, 94. 

Ohamba, 295. 

Chambcl See L c. 

Chamberlain, Sir N., 146. 

Chambers, Mr. F.,on wiuds of Karachi, 292 • 304 
306, 307. w, 
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Ch||^mber8, William, 821. 

Chanikar monastery, IG.5. 

Champaner, 89, 354, 302. 

Chanda 6el(ls, 247. 

Chandhally, Survey of Uyturiiee river up to, 19. 
Chandels of Afahoba, 337. 

Chaudragupta, 3C9. 

Chandravati, ruins of, 320 (note). 

Chandrehi, Brahman temples at, 331. 

Chankau pass, 79. 

Channer, Lieutenant A., B.N., 19, 23, 26. 
Chapmau, Mr. Morris, late I.N., 4, 5 ; on 
raumben channel, 6, 7, 8 j his death, 8. 
Chardeh plain, 135. 

Charikar, 191, 270. 

Charsada, 336. 

Charts, Alarinc, /x/.v.siw through Marine Survey 
Chaxder. 

Charts ot dail}' 'vreather. Sre Weather charts. 
Chashma Subz, 177. 

(Jluitang La pass, 158. 

Clmttisgarh, 239, 2.5(5, 209, 273, 331, 33,5. 

Chau], 8. 

Chazuintuka, 165. 

Chedi, Biijas of, 332. 

Cheduba, 20, 21, 36. 

Chelonia, h]ocenc, from the Salt Range, 273. 
Chenab river, 239. 

Chennell, Mr. A. W., death of, 7H. 

Cherkh graphite, 278. 

Chesnaye, Dr. G. K., 311. 

Chetung, 151, 150, KiO, 1(55. 

Chew, Air. K., 83. 

Chezarla, Buddhist eliaitya (hscovered at, 359. 
Chiamdo Chu (IJpj»er Mekong), 155. 

Chiamo Golok robbers, 153, 157. 

Chiggateri, 276. 

Chikahvohol, 200. 

Chilas, 144, 145. 

Childers, Professor, 303. 

Chilhig Shahi Mardan bill, 184. 

Chilianwala, battle of, 251, .337. 

Chin country, 169. 
f5hin-Lushai Expedition, 277. 

China Bakir river, 21. 

China, Mound at, 333. 

Chinapati, 333. 

Chindwara district, 209, 274. 

Chindwiu valley, 167, 168, 257, 258. 

Chinese coins, 178, 

Chiiigurak range, 178, 

Chingiz Khan, 186, 187, 

Chingmis, 163, 164. 

CJhiras, 180. 

Chitlac island, 29. 

Chittagong (Karnaphuli river), 3, 19 ; laud survey 
of, 121, 206 ; Chittagong observatory, 285. 


Chitral, 150, 194, 231, 270, 366. 

Cliloromelanite, 271 (note). 

Chobash, 187. 

Choi ill Afghan Tdrkistan, 177. 

Chota Nagpur, Western, coal-fields, 274 ; gold 
in Chota Nagpur, 277 ; meteorology of Chota 
Nagpur, 309. 

Chotiali, 92, 129. 

Christmas island, 27. 

Chrysolite from Kandahar, 255. 

Chugani valley, 130. 

Chnmbi valley, 151, 153, 160, 163. 

Cintra (Portugal), Sanskrit inscription at, 342. 

‘i.CiviIis.ations do Tlnde, Lcs,” Dr. Le Bou on, 
362. 

Clarke, Colonel, R.E., C.B., 44, 63. 

Clarke, Mr. L. H., 234. 

Classification of observatories, 296, 304. 

Claudius, Mr., 92, 94, 95, 96, 97, 135, 148. 

Clyde, I.G.S.S., 1. 

(5oal, 236 and through Geological chapter. 

See under name of jiarticiilar coal field, 

Coard, Air. C. W., 226, 230. 

Cochin, 4, 5, 9 ; surveyed in 1855 by Taylor, 
16 ; surveyed by Dawson, 20 ; 206, 274. 

Coco islands, 9, 33, 37 ; observatory at Coco 
islands, 300. 

Coconada, lOn Rurvey of Cocoiiada, 16; 19, 
206. 

Coddington, Taeutenant-Colonel F., 105. 

(Coinage among ancient Hindus, 333. 

Coins of Arakan, Pegu, and Burma, Lieutenant- 
General Sir A. T\ Fhayrc on, 372; coins of 
Southern India, Sir W. Elliot on, 372 (note). 

Colaba observatory, 312; and /u/av/V through 
Aleteorological chapter. 

Oohichcl, 4. 

Cole, Major II. II., K.K., 327, 312, 313, 341; 
illustratioiih of ancient monuments by, /5. 
(note). 

Colebrookc, H., Air., 321. 

Coleroon, Triangulation carried into valley of, 46. 

(/ollotype process, 226. 

Colombo, 19, 206, 207. 

Comedarum, Vallis, 193 (note). 

Committee on Alarine Survey Department, 12 ; 
on equipment of field survey party, 137. 

Comorin, (kipe, 35, 45, 47, 60, 202. 

(Congress, Geographical, at Venice, 88, 201 ; 
do. at PariH,' 238 ; Geological Coijgrc.sses at 
Buffalo, Paris, and Bologna, 255, 276. See also 
Paris and Venice. '• 

Conjivcrani arclueologicnl survey, reimrt on, 
362. 

ConoUy, Arthur, 179. 

Conservation of monuments, 320 (lu^e), 327, 
344. 

Contour map of Simla, 80 ; of India, 225, 

Cooke, Air. O. IL, 110. 

Cooke, Messrs., and Sous, 211, 
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Coombs, Lieutenant W. II., commences survey of 
Hangoon, 1 1 ; surveying woi’k done by boat *i 
party in charge of, 19; surveys entrance to 
Chittagong river, 20 ; surveys Akyab, 20, 27. 

Copping, Mr. G. R., 96. 

Corkery, Mr., 93, 94, 

** Coronation,” gunboat, 2. 

Corpus Tnscriptioimm ludicarum, 338, 369, 370 
(note). 

Cost of Revenue Surveys, 103. 

Cotta point surveyed, 27. 

Court, General, 333. * 

Cousens, Mr. II., .320 (note), 312, 354, 355, 362. 

Cowan, Major S. H., 110, 115, 121. 

Coxen, Mr., 93, 94. 

Clawley Boevey, Mr., Bo. C.S., 354. 

Cretaceous, Upper, fauna of Western India, 270. 

Crops, map showing Indian, 226. 

Cruz Milagre, 6. 

Cuddalore, 249. 

Cuddapah district, 248. 

(himbum valley, 8-5. 

Cunningham, General Sir A,, K.C'.T.K., passim 
(Jhapter XV. ; his services, 337, 

Curator of Ancient Monuments in India, Captain 
Cole appointed, 3 13. 

Cushing, Mr. Thos., F.U.A.S., 216. 

(kitch, gulf of, 30, 34 ; 8.5, 197, 200, 231, 26.3, 347, 
349. 

* Cutc^i Mandvi, 7. 

(Xittack conference, 1 15 ; Cuttack caxlastral sur- 
vey, 116; 256, 285,331. 

Cyclones, 201, 206 ; formation of cyclones, 287; 
JMr. J. KUot on cyclones, 290, 294, 290 ; 03 clone 
at Gujrat, 296; cyclone at False poijd, 299; 
eyebwe at Balasorc, .303 ; cyelone memoirs, 
303, 306 ; cyclones in Bav of Bengal, 306, 
310, 

Cyrus, 184. 


D. 

1)’ Arrest, Professor, 312, 

Dahn Jong, 152. 

Dabhoi, 324, 350, 354. 

Dabhol (Anjanwil) river, 8. 

Uaeoits in Deccan, 124. 

Dahana Doab, 183. 
l^ahana Iskar coal-field, 278. 

Dahffoba in Buddhist architecture, 323. 

Daily weather charts, 288* 298, 303, 804. 
Dalgleish, Mr,, 157. 

Baling hills, 160. 

Dallas. Mr. W. L., 292, 295, 297, 300, 302, 807, 
311, 

Daltonganj coal-field, 244. 

Daraaiin, 200. 


’ Damorchtia, 248. 

; Dangs Forest survey, 87, 88, 89. 

Danu‘1, T. and W., 321, 

Dantidurga, 354, 

Danu, examination required of reef near, 35. 
D’Anville, 159. 

Daphla hills, 78, 260, 265. 

Darn Imam, 143. 

Dani-i-Khargosh, 179 nud (note). 

Dara-i-Nur, valley of, 134. 

Dara Yusuf, 189. 

D.'ira-i-Zindan, 190. 

Dararigiri coal-field, 250. 

Darehendo, 154, 156. 

Dardistan, survey of, 14.). 

Dareyl, 142, 145. 

Dargi valU y, 92. 

Darjeeling, survey, 120, 127 ; 151, 153, 155, 
158, 160, 164. 

Darkot valley, 143; Darkot pass, 1 44. 
Darmarokhf river, 193. 

Darwaz, 143, 193. 

Darwin, Professor G. II., 203, 207, 208. 

Dasa Avatara, inseriptions, .354. 

Datum line for coast soundings, 2.5, 2(»7. 

Daud Shah, 330. 

Dangam, 164. 

Daulutyar, 180, 182, 188, 184. 

Davy, Major, 318. 

Da war Dour, 146. 

Dawson, LieulenantL. S., U.N., appointed to the 
command of surveying steamer “ luvi*stigator,” 
11 ; succeeds (Joiiiinaiider Taylor in the chargii 
of marine surveys, I.) ; fonm*r experience, 18 
(nof<0 ; commences survey B.uok bay, 19 ; 
resumes cliaigi* of “ lnvt‘srigator,” 20. 

Dearah survey in I'aridpur and Bakargaiij, 120. 
Del) Raja of Bhutan, 103. 

Del) Singh, 152. 

Deccan C’ompany, !Mr. Hughes (geologisi) with, 
272. 

Deccan survey, 80 ; n*port on Deccan, 124 ; 
Deccan trap, 236, 241 ; Deccan meteorology, 
309; .351. 

Defiles in Afghanistan, 179, 181, 

De llaviland, Colonel, 203. 

Dehgans, 135. 
l)eh-i-Sabz range, 134. 

D<‘hing basin, ]\Ir. La 'roncluf in, 2C0, 267. 

Debra Dun, trigonometrical branch at, ,07,220; 

forest school in Debra Dun, 298. 

Delhi, 322, 326, 328, 3,38 ; Muhammadan kings 
of, 336 ; monuments at, 3 13 ; ih. (note), 344. 
Deogarh, 330, 337. 

De Pree, Colonel G. (^, Ruceeeds Colonel Walker 
as Siuveyor-Ueneral of India, 45 ; services and 
death, 45, 80. 

Dera Ismail Khan revenm* survey, 104, 105. 
Derajat, the, 95. 

Derontfl, 134. 
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Dc8gi4iu8, Father, 171. 

Dev Hissar, 180. 

Devi river, charting of mouth of, 88. 

Dcwangiri, 163. 

Dlmmnar cnves, 327. 

DhangH Forest survey. See Dangs. 

Dharasinva, Jaina caves at, 3S3. 

Dharma Baja of Bhutan, 163* 

Dharma valley, 49. 

Dharraapala, Brince, 333. 

Dharwar, 362 ; Dharwar district, Chalukyan 
temples in, 354 ; Meadows Taylor on, 360. 
Dharwar rocks, 266, 273, 278. 

Dhanli, 331, 348 (note); DhauU inscriptions 
of Asoka, 358. 

Pholka, 346 (note), 354, 362. 

Dhumra river, survey of entrance to, 19; 

alterations found in, 22, 23. 

Diamond field atWa.ljra Kanir, 266. 

Diamond harbour, 201, 207. 

Diamond island, 2, 208. 

Dibong river, the, 52 ; survey of part of, 76, 
DUchu, 154 

Dickson, Lieutenant, rough chart of harbour of 
Port Blair ma<le by, 30. 

Differential longitudes, measurement of, 209, 210, 
211. 

Dihoug river, tbe, 52, 164, 165. 

Diligent strait-? surveyed, 33. 

Digaru river, 76. 

Dikrang river, 76. 

Diphu river, 76. 

Dir, 150. 

Disa cantonment survey, 89 ; 213 ; Disa 
observatory, 285. 

Diu Head, 34. 

Dividing machine, 219. 

Dixon, Lieut. ^Colonel, 368. 

Doab, Central, 331. 

Doab-i-Mekhyari, 278. 

Doabadara river, 143. 

Dogras, invasion of Hundcs by, 50. 

Dolmens in Western India, 323. 

Dondra head (Ceylon), 20. 

Dongtse, 158. 

Donkia-La pass, 127, 158. 

Dora pass, 150. 

Dori river, 136. 

Doshakb, 195. 

Douglas, Captain, 206. 

Double island lighthouse, 2. 

Dowdeswell island, Mr. J. P. Falle surveys 
portion of, 11. 

♦* Drains,** 47. 

Dragon lake, 193 (note), 

Dras, mountttins of, 246. 

Dravidian architecture, 32.4, 324. 

Droughts, i^eriodicity of, 287, 300, 


Du Halde, 159. 

Dubkund, Jain temple qf, 336. 

Dublat, 207. 

Dumar Lena, 347. 

Duncan, IWessor Martin, 259, 266, 268, 270. 
Durgavati, the Hindu princess, 329. 

Dwarka point, 84. 


E. 

Earth, rigidity of* 208 ; investigation of figure of, 

. 210 . 

Earthquake at Lakpat, 86 ; earthquake in Bay of 
Bengal, 204 j in Cachar, 257 j catalogue of, 
258 (note), 262 ; in Bengal, 268 ; in Kashmir, 

. 268 ; in Catch in 1819, 819. 

Eastern frontier triangulation scries, 45, 46 j 
chains projected from, 53 ; extension ol , 55 j 
two parties engaged iu completion of series, 
56, 57. 

Eastern Glints, 240. 

East wick, Mr., 318. 

Eccles, Mr., 214. 

Echinoidea of Sind, 259, 268 ; Echinoidea of 
Makran series of Baluchistan and Persiau Gulf 
coasts, 270. 

Edgar, Sir. .1. W., 127. 

Edicts of Asoka. Sen Asoka’s inscriptions. 

Eggeling, Professor J., 372. ' 

Egypt, maps of, 224. 

Eicheiis and Hardy, Mes.srs., 211. 

Eimiiks, 179 (note). 

Electrotyping process of reproducing atlas sheets, 
&c., 225, 229. 

Elephant islands, 27. 

Elephant point, 36 ; tide gauges at, 57, 201, 2l)L 
207. 

Elephanta, 323, 346 (note), 34 7, 35S, 35 1 ; 
Dr. Burgi‘Bs*R monograph on, 361. 

Elias, Mr. Ney, C.I.K., 193, 193, 194. 

Eliot, Mr. J., report on Vizagapatam and 
Bakarganj cyclone, 287; 290, 293 ; on storms, 
297 } his proposals for more efficiciyt working of 
Meteorological Department, 303; 311. 

Elliot, Sir Walter,' .321, 358 (note), 367. 

MUohius faeckapillufit 195. 

Elphiustone,” Honourable East India Company’s 
ship, 15. 

Eliira, 323, 346 (note), 351, 358. 

Emigration, Map of India showing, 226. 

Eneiam rocks, 35. 

Endawgyi Lake, 1 60, 

Pingraving Branch, Surveyor- GeueraFs Office, 
Calcutta, 222, 280. 

Plpigraphica Indica and Arehmological Survey 
Kecord,371. 

Equatoreal telescope, 216. 

Equipment necessary for field survey party, 187. 

Eran, 337. 
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Erinpura, 250. 

Errors in trianguliitiou, Process of correcting, 42. 
Ersari Turcomans, 181, 187. 

Erskiue, W., 354. 

Eruption at ICrakatoa, 204, 205. 

Ktah district survey, i08. 

Kthersey (late I.N.), Commander, survey of pass 
between India and Ceylon by, 4 ; Jafrabad 
surveyed by, 34. 

Everest, Colonel, 5B, 210. 

Ewing, Mr., on Assam frontier, 79. 


Ealle, Mr., commences survey Madras road- 
stead, 2 ; surveys portion Dowdeswell island, 
11 ; surveys of Vizagapatam and Cali ug- 
apatum by boat party in charge of, 2 1 ; river 
survey party at Pagan under, 24. 

Eaida Ali, sub-surveyor, 168. 

Eaizabad (Batlaksban), 1413, 194. 

Eaizabad (Oudh), 213. 

Palconer, Dr., 336. 

Pulse Point, 2, 3, 4, 10, 19, 201, 204, 206, 207, 
285. 

Pu Ilian, 326, 331,359. 

Pamines, in Madras and Bombay, 39, *5. (note) j 
periodicity of, 287 ; Famine Commis.sion, 117, 
291. 

Farah, 183, 185. 

Farah Rud river, 175, 176. 

Faridpur, 120. 

Fatehfur Sikri, 340, 3M, 363. 

F'auUs in strata, 271 (note). 

Fauna of British India, 259. 

Fcddcn, Mr, F., 168, 238, 241, 256, 262; death 
of,*at Vizagapatam, 272. 

Feistmantel, Dr., 237 ; resignation of, 268. 

Fergusson, James, passwi in Chapter XV. ; his 
death and works, 360. 

‘‘Feroze,” steam frigate, 16. 

Ferrier, General, 180, 183, 184, 189. 

Firoz Shah, 333. 

Firuzkbui.s 179, 184. 

Firozepur district survey, 106, 206. 

Floods and flood warnings, 297. 

Fleet, C.I.E., Mr. J. F., 368, 370. 

“ Flora Indica,’M95. 

•Flora of Afghanistan, 1 94, 1 95. 

Flower, Professor, 166 (note). 

Foote, Lieutenant H. B., 268. 

Foote, Mr., 240, 256, 261, 263, 272, 276. 

Forghbammor, Dr., 363 ; death of, and reports 
by, 364. 

Forecast of monsoon season, 289, 396, 298. 

Forests, denudation of, in Koukan, 125. 

Forest observatories, 298. 


‘ Forest surveys, 84; in Bombay Presidency, 89, 
\ 90. 

! Forrest strait, 27. 

Forster, lit. Hon. W. E., 165. 

Forsyth, Sir I)., 172, 193 (note). 

Fort Jamrud, 131. 

FortStedman, 168. 

Fox Talbot, Mr., 227. 

French maps of Egypt, 224. 

Frodsham, Messrs., 2 U . 

Frontier, Eastern. See Eastern. 

Filhrer, Dr., his report on Shanp remains of 
Jaunpur, 228, 830 (note), 339; his list of re- 
mains and inscriptions in N.W. Provinces and 
Oudh, 346, 362. 


G. 

a. M. N., 164, 165. 

G. S. S. in Nepal, 160. 

Galichab, 172. 

Gallo, 206, 207. 

Gandak river, 160, 161. 

Gandamak, 135, 140. 

Gangaikoudapuram, Siva temple of, 46. 

Ganges Dearab .survey, 107. 

Ganges, the source of, 51; 369; action of the 
river, 271 ; course of, near Butna, 328. 

Gangri range, 163. 

Ganjarn coast, 29, 33, 45. 

Gantur district, 240. 

Garbia, 49. 

Garhwal, 48, 50, 273, 27.5. 

Garo hills, coal-field in, 256 ; Mr. Lu Touche in, 
260, 265, 269. 

Garok, 95. 

Garratt, Professor, 318. 

(jarrick, Mr., 336, 340. 

Gartok, 51, 152. 

Gauges, tidal, 196-208, 

Gauhati, 75. 

Gaur, 328, 329, 334, 340. 

Gauss’s method of minimum squares, 43. 

Gaya district survey, 114. 

Gazetteer, Impcriul, latitudes and longitudes for, 
223 ; 224 and prissim in Chapter XIV, 

Geodetic observations, 209-2 15. 

Geographical explorations, 128-171. 

Geography of India, ancient, Cunningham on the, 
327, 337. 

Geological survey of India, 236 -282 ; modal 
awarded for exhibits at Paris Congress, 238 ; 
maps of, 225 ; publications of, 237 ; geological 
map of India, 226, 271 (note); geologicdl 
nomenclature and classification, 255 ; Geological 
Congress in Bologna, 265 ; in London, 276 ; 
geological surveys uncompleted, 281, 382. 
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Gersoppa, Falls of, 83. 

Gharjigtan, 179, 18<) ami (note)- 
Ghats, Eastern, 350. 

Ghats, Wosteru, 6, 82, 202 •, forest surveys on, 90. 
Gliaziubaml range, 254. 

Ghazipur district survey, 108 ; Ghazipur, 33^. 
Ghazkol lake, 143. 

Ghazni, 133, 140, 149 ; kfr. Griesbaeh at, 278. 
Ghorhaml, 190, 191, 192. 

Ghori, 182. 

Glmr, 184, 185. 

Ghur Muglikan, 180. 

Giuma Ku Ohu river, 155, 156. 

Giangtsc Jong, 151, 153. 

Gibbs, Lieutenant J. E., 87. 

Gibbs, Mr. J., 362. 

Gibson, Mr. A. J., 104. 

Gilebviat, Gr. J., 318. 

Giles, Dr. G. M., deop-sea traivliiig, by, 23 ; 
deputed to serve with Ghitral and Kafiristan 
Mission, 28 ; report on results of deeji-.sea 
dredging coasts, by, 31, 27o. 

Gilgit and river, 111, 142, 144, 145, 148, 167, 194, 
231, 270. 

Gill, Captain VV., 11. K., 93. 

Gill Memorial Medal awarded to Mr, Ogle, 170. 
Gilliland. Mr. J. 11., 311. 

Gimuchefi, 165. 

Ginja hill, 337. 

Girdlestone, Mr. F. IJ., 37 1. 

Girishk, 129, 136. 137, 185. 

Girnar, 322, 346 (note), 3 17. 

Girnar mountain, 250, 349. 

Glaciation, Himalayan, 271 (note). 

Gladwin, Francis, 321. 

Gneiss, Himalayan, 239, 246, 260. 

Goa, 2; seaboard coa.sls ami islands examined by 
Lieutenant IVtley, 10. 

Goalpara, observations at, 285, 293. 

Goapnath, 34. 

God-i-Zirreh, 173, 175. 

Godavari, 125, 239, 247, 350. 

Godwin-Aiistin, Colonel, 165, 260, 265. 

Gogha, 34. 

Goleonda range, 247. 

Gold near Kandahar, 254 ; in Hazaruh country, 
255 ; in Chota Nagpur, 277 ; in Mysore 
(Mr. Foote’s report), 272, 273 ; gold tract in 
Chiggatcri, 276 ; in Souapet, 277. 

Goldsmid, Major-General Sir F., 172. 

Gouda, country of, 248, 829, 332. 

Gondwana deposits, the, 236, 237, 240, 245, 
247, 250; Gondwana rocks In Austnilia, 266; 
Dr. Feistmantel on Gondwana flora, 268. 

Oopalpur, 4, 33. 

Gopurama, or tiunples, in Southern India, 47. 
Gor, 145. 

Gorakhpur district >iirvcy, 112 ; Gorakhpur, 331, 
832. 


Gordon, General, in Wnziri country, 91, 146. 

Gordon, Mr. It., 169 (note). 

Gore, Major St. G. C., 87 ; survey of the Piahin 
valley by, 129 ; advances from Kandahar, 134 ; 
in Southern Afghanistan, 136 ; accompanies 
Sir D. Stewart, 136; 172, 177, 183, 235. 

Gosalpur manganese ores, 274, 

Goteik, 167. 

Goiir, ruins of, 320 (note) ; see also under Gaiir. 

Grant, Mr. Charles, 320 (note). 

Grant Dutf, Kt. Hon. Sir M. E., 343, 358, 376. 

Granvilh*, Lord, 224. 

Gru 2 eo*Baktriau sculptures, 344. 

GrcjiA Arc scries, 43. 

Greek coins and ornaments in Afghan Turkistan, 
188 ; ill Hcbnand valley, 173. 

Grecnough, Mr., 237. 

Greek alphabet, llenmins of, in India, 348. 

“ Gridiron” system of triaugulation, 59. 

Griesbacb, Mr. C. L., 178, 181, 186, 247, 2.53, 
254, 257, 260, 264, 269, 272, 278, 280. 

Griffiths, Dr. W., 140. 

Grillitbs, Major, prisoner in Afghan War in 1842, 
131. 

Griffiths, Mr. J. (Horn bay School of Art), 356. 

GrodekofF, Colonel, 179 (note). 

Growsc, F. 8., Mr.,D.C.S., C.I.K., 344 (note). 

Guedeonoff, Captain, 174. 

Gnlijal, liittle, 144. 

Giijrat, 86, 89, 90, 231 „ 322, 360 ; Gujrat cyclone, 
296 i arebiteeture ami }seoiu‘ry in, 346 (note) ; 
battle of, 337 ; (3mndravati, ancient capital of, 
320 (note); Dr. Burgess in, 350; Muliainma- 
daii arebiteeture in, 3.54 ; immumenis in, 341 ; 
IMr. Cousens in, 355 ; NorthiTii, 362. 

Gullstan, 96. » 

(xiilran, 178. 

Guinal puss, 92, 98; Giimal valley, 146, 147, 
149. 

Gumti river, 339. 

Guild river, 193. 

Gunn, Lieutenant (t. S., B.N,, 33. 

Giirduspnr, 106. 

Gupta arebiteeture, 830 ; Gupta dynasty, 347 ; 
(Jupta inscription, 348 ; Gu[>ta coins, ib, (note) ; 
Gupta icings, 370; Gupta kings, temples of, 
337. 

Gnrgi, ancient city of, 336. 

Guz river, 192. 

Gwal valley, 97. 

Gyala Simlong, 164, 165. 


I H. 

! Hncket, Mr., 240, 243, 256, 266, 269, 272, 273 ; 
I his retirement, 274. 
j llamiatite in Sandur hills, 266, 270. 

Haft Kotal pass, 135. 
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iruibak, 174, 182, 189, 190. 

ITaidarabad assigned districts, list of monuments 
in, 345. 

Ilaidarabnd Circars, maps of, 378 ; Ilaidarabad, 
survey of portion of, 90, 123, 124 ; 212, 213, 
231 ; rainfall stations in Haidarabad, 291 ; 
Dr. 13iirgess\s, archmological tour in, 350. 

Haig, General C. T., 86, 87, 88, 214, 224. 

Hakim, The,’* 149. 

ITalhcd, Mr., .318. 

Ifallabid temple, 322. 

Ilami, 158. 

Hammond, Nav. Lieut., R.N , 2, 3, 5. 

Ilampe, 359, 302. 

Hamra pass, 92. 

Hannms (Lora and llelmund), 173, 175. 

Hangrang, 253. 

Hanna pass, 92. 

Hari Tlud, river and valley, 174, 176, 177, 178, 
182, 183, 184, 185, 195. ' 

Harisebandragad, 3,53. 

Harman, Lieutenant, 51 , 126; survoj" of Sikkim 
by, 126, 127 ; death of, 127 ; 164. 

Harnmnie analysis of tidal observation, 197, 198, 
el seq. 

Harnai, valley and route, 95, 96, 98 ; 279. 

ITartington, Lord, 118, 358. 

Hnrut-Und river, 19.5. 

ITasan Klian, 336. 

H assail Khels, lot. 

Hastings, Warren, 307, 370. 

“ llavildar,” The, 143, 

Hazara (in Afghanistan) country and people, 
Captain Leach’s account of, 137 and (note); 
178, 185. 

ILtfeara (North-west frontier), 240. 

Hazarajat, 'J’lie (Afghanistan), 180. 

Hazaribagh, 213, 245, 288. 

lii^zrat J’andua, 334. 

Headquarters of Survey DepartmeiiT, 221-235. 

Hearsey, Mr., 152. 

Heaviside, Colonel W. J., 129, 135, 214. 

Heights of tides, 198, 199, e! ,seq. 

Height^ of various places in Afghanistan, 140. 

Helby, Lieutenant M., R.N., boat party in charge 
of," 23; comiiletes survey of approaches to 
llhavnugar, 20 ; completes sui vey of Ileypore 
and Calient, 31. 

Heliogravure process, 223, 225, 226, 227. 

Helmand river, 136, 172, 173, 175, 176, 183, 
185, 195, 254. 

Hemadpauli temples, 324, 325. 

Hennessey, Mr. J. H. N., 57 ; his report on 
A — k’s journey, 156, 232. 

Honzada district, 364. 

Herat, 175, 17G, 180, 182, 183, 185, 187. 

Herat valley, geology of, 269. 

Herakles, Statue of, 335. 

Herschel, Sir J., 289. 

Herschel, Colonel, 211, 233. 


llcysham, Mr. W., 122. 

Hilly cape, 5. 

Hill, K.E., Major J., triangulatiou by, 53, 54 ; 
completes triangles between Tavoy and basi'- 
line, 55; 171. 

Hill etching on copper plates, 222. 

Hill, Mr. S. A., 293, 301, 311. 

Himachal mountains, 152. 

Himalayan States Survey, 99 ; IHinalaya 
mountains, lOO; (itlso note), 161, 102, 

190; geology of Himalaya mountains, 200; 
Mr. (4l(lliam o»i Himalaya monniains, 204 ; 
glaciation in, 271 (note) ; Himalaya compared 
geologically Avith the Alps, 271 ; sub-llima- 
layan rocks; 271 (note) ; geology of Himalayas, 
275, 280; nndeorology of N.W. Himulaya, 
293; snows of Himalaya meb urological Iv con- 
sidered, 293, 29.5, 290, 297, 303, 310. 

Himalayas, Low(‘r, 207, 273, 275, 277. 

Hindu architeeture, 325. 

Hindu Kush, 143, 144, 1.50, 177, 182, 190, 191 • 
geology of, 270 ; 360. 

llinzc basin (on Hurinesc coast), 26. 

Hira Lai (geological sub-assistant), 253, 273, 
274. 

lllra Sing, 91, 177, 179, 180, 191. 

Hisarak valley, 135. 

Hissar, district survey, 105; Mr. Hodgers in, 340. 

Hoang IIo, 151. 

Hobday, Major, 30, 68, 88, 135, 100,107, 108, 
109, 170. 

Ilobok(‘D, 231. 

Hodgson, (’aptain, (hscrijdion of Nilang valley 
by, 51. 

Hodgson, Mr. B. H., 321. 

Hoernle, Dr. A. F. B., 32.5 (note). 

Iloidutbara, 153. 

i Holdieli, Colonel, in Kohat, 91, 92, 129; acconi- 
))anies General Bright’s column to Kahnl, 133 ; 
traverses Tal-fJhotiali route, 130 ; member of 
committee on survey i‘quipinent, 137 ; in Zhob 
valley, 147; called to join Afglnin Boundary 
Commission, 147; with Takhl-i-Suliniam Ex- 
pedition, 148; 1.59, 172, 177, 183, 190, 235. 

Holt. Mr. .1. 11., 311. 

Ilomotaxis, Geological, 265. 

IToiig Kong, 20(». 

Hooker, Sir J., 195. 

Hope, Sir Theodore ('., 368. 

Horses, Wild, 153. 

Hoshiarpiir, 106. 

Hot springs in India, 258. 

Hourly meteorological observatioirs, 300. 

Huhli-Marmagao, propost'd rnihva;j, 10. 

Hue, Abbe, 150. 

Hughes, Mr., 237, 272, 273, 276, 278. 

Ilugli river, 22, 25, 36, 121,203, 207; meteo- 
rological observations at month of, 296. 

llukitolla, 11 ; Hukitolla cycloiu*, 299. 

Hnkong valley, 79. 

Huli, Antiquities at, 347. 
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Hull, Ccmiraandcr T. A., K.N., proposal to confer 
post of superintendent on, 12 ; writer of** The 
Unsurveycd World,” 12 (note). 

Hultsjsch, Dr. E., 362, 371. 

Human sacrifices by Nagas, 80. 

Hundes, 50 ; invaded by Dogras, jb , ; exports 
from, 51, 1.52, 253, 260. 

Hunias (people of Hundes), description of, .51. 

Hunter, Dr., 354. 

Hunter, Sir W. W., 224, 287, 314; appointed 
Director-General of Statistics, 317. 

Hunza, 142, 148, 168. 

Hurrichpoor, 29. 

Hutar coal-fields, 2 14, 250. 

Hutchinson, Colonel, 90, 117, 123. 

Hutchinson, Mr. S. A., 304, 311. 

Thsang, 193 (note), 326, 331, 3.32, 334, 
349, 359, 370. 

Ilydaspes, 251. 

Hydrographer of the Admiralty, Ins reJatious with 
surveyor in charge Marino Survey Depart- 
ment, 14 ; 26, 32. 

Hydrographic Notices, 3. 

Hydroid zoophytes, dt^scription of h}' Snrgooii 
J. Armstrong, M.D., 9. 

llypiEthrul temple in Karuiid State, 331. 


I, 

Ibrahimabad, 174, 175. 

Ighiz Yar, 192, 194. 

Igutpuri, 200. 

Iltitniish, 330. 

Imam Daksh, Doz<lar, services of, 148. 

Imam Sharif, 99, 150, 180,181, 183 184, 18.5. 

Imperial Gazetteer of India, 224, 316, 319. 

“ India, a Sketch of Mountains and Kiver 
Basins of,” by Mr. T. Saunders, 378. 

India, general maps of, 223, 231. 

India Office, Geographical work of, 373. 

India-prastha, 343 (note). 

India, Retrospect of history of entire triangulation 
of, 58. 

Indian antiquary, 346 (note), 361, 368. 

** Indian Art, Journal of,” 362. 

Indian atlas, 222, 229, 230, 231. 

Indian atlas plates, steel facing of, 223. 

Indian Eras, Book of, by General Cunningham, 
338. 

Indian coasts, Selection of localities for tide- 
gauges, for determination of mean sea-level 
along, 6. 

Indian lighthouses and lightships, preparation 
undertaken of complete list of, 3 ; inspection 
of, by Commander A. D, Taylor, 9.; 


Indian Mtiseum Notes, 226. 

Indian Navy, Surveys of, 1. 

“Indian Surveys, Memoir on,” Mr, C. Mark- 
ham’s, 376. 

Indor Kliera, 331. 

Indo-Soythian antiquities, 328, 330. 

Indo-Scythian kings, 347. 

Indraji, Pandit Bhagwanlal, 342. 

Indus, Ahixundcr’s route along, 326. 

Indus-Kishenganga watershed, 145. 

Indus river, re-survey of jnoutlis of, required, 
34 ; Mullah’s survey of, 141 ; 151, 206. 

Indus series, Great, of triangulation, 94. 

ln<h^ -Colonial Exhibition, London, 225, 226. 

Inland customs, Receipts from salt, 252, 

Inle lake, 169. 

Imeriptions aiul Coins, 366 ; also po.vsoa in 
Chapter XV. 

** Inscriptions in Dharwar and Mysore,” Sir T. 
llop(‘’8, 368. 

** Institutes of Timur,” 319. 

Instruments for geodetic observations, 211. 

Instrument, 5Inthematical, office at Calcutta, 218. 

Instruments, scientific, vSupply of, 216- 220. Sp.n 
also Appendix. 

“ Investigator,” surveying st<‘anicr, building of, 8 ; 
launchiiii? of. 11 ; available for surveying 
purposes, 18; list of survey work done during 
jear 1881-82 by officers of, 18 ; runs a line of 
dec]>-8ea soundings in Gnlf of Manar, 19 ; *pro- 
(H‘edsto Chittagong, 19 ; reported by Lieutenant 
Channel- to he admirably adapU'd for work, 20 ; 
j>rocei‘ds to Sandoway roads and resounds the 
whole of hank of soundiugs between False point, 
Palmyras point, and Ikiftcrn channel liglit 
vessel, 22 ; boats of, a-sist in surveying Pal- 
myras shoals, 22 ; examination of lavine south 
of the Sundcrbiins made by, 23 ; leaves the 
Sunderbuns, 23 ; returns from Western Torres 
islands, and completes southern approach to 
Mergiii, 26 ; Hinze basin on Burmese, coast 
examined by, 26 ; surveys entrance to Beypore 
river, 27 ; completes survey of shallows off 
mouths of JSIeghna river, 28*; takes soundings 
west of Aiidaumns and Nicobars, 32 ; leaves 
Bombay harbour, 32; visits south Sentimd 
island, 33 ; total distance run by during seven 
years work, 33. 

Inquiry into working of Marino Survey Depart- 
ment, 11. 

Irawadi river, Survey of, 24, 25, 36, 79, 15.5 
(note), 156, 166, 168, 170, 203 ; geological 
observations in basin of N.W., 267. 

Irak pass, 190. 

Iron, Effect of, on stone known to Hindus in 
ancient times, 332. 

Iron. See passim through geological chapter. 
Will be found indexed under name of locality. 

Ishkamau river, 143. 

Ishkashim, 143, 193. 
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J- 

Jabalpur, 213; Jabalpur fossil flora, 246; 
Jabalpur Railway, 250; 277 ; Jabalpur obser- 
vatory, 285. 

“Jubrce.” British Indian wooden barque, dis- 
covery of part of wreckage of, 29 ; descriptiou 
of track of, 30. 

Jackson, Captain, 167, 168, 170. 

Jacob, (Colonel, “ Jcypur portfolios of archilcc- 
tural details by,^’ 363. 

Jacobabad, 47, 24 1 . 

Jade mines (Upper Burma), 1G9. 

Jafrabad, charting required of, 34. 

Jaggiiyyapeta stupa, 358, 360. 

Jahngria, 333. 

Jaina inoiiuments, 322, 340, 346, 352. 

Jaintia bills, 258, 277. 

Jaipur, 306. 

Jaisalmer, 238 ; fossiliferoiis limestones in, 269. 

Jakao, 30. 

Jalalabad, distance from Beshawar, 130, 133, 
134 ; height of, 140. 

Jalandhar Doab, 333. 

Jalandhar, 106; Mr. llodgers in, 340; moun- 
ments in, 344. 

Jala wan, 97. 

Jalpaiguri, 121, 213. 

Jam valley, 177. 

Jlfmes, Mr., 169. 

♦lami Musjid at Jauupur, 339. 

Jammu coal, 273, 275. 

Jamnagar, 349. 

Jumrud, Fort, 131. 

Jairrtkjtjee Dhunjecbhoy Wadia, master builder, 8. 

Jamshidis, 178, 184, 

Janssen, M., 290. 

Jarrad, Nnv. Lieutenant, H.N., despatched in 
**\3ydc ” to survey Amherst, 1 ; surveys 
Madras, 2 ; connects, astronomically, Diamond 
island, Rangoon, and Amherst pagoda, 2 ; in 
charge of boat party surveying, 4 ; surveys 
Bankote river mouth, 9 ; impaired health of, 
9 ; placed at disposal oi Admiralty, 1 1 . 

Jashk, 2?>8. 

Jaugada inscription, 358. 

Jaunpur, survey, 1 14 ; 322, 338 ; Dr. Jfuhrer’s 
report on Slianp drehitcclure of, 228, 339 ; 
Masjid at, 330. 

Jaunsar, 260. 

Jehlam, mound at, 333. 

Jehlam river, 251, 326. 

Jelep La pass, 126, 153. 

J esahner. See Jaisalmia. 

Jesuit fathervS at Tasienlu, 155. 

Je^piir, 231 ; Jeypur observatory, 299, 306. 

Jhausi, district survey, 114, 340. 

Jhiujuwada, 324, 350. 

Jodhpur, 80, 81, 238, 2.50, 274. 

Joga, 253. 


Joguda Naugam, 348 (note). 

Jogeswari, caves near, 323, 353. 

.Tohnson, Mr. E. T. S., 108. 

Johnstone, Major-General, C.B., 104. 

Jones, Mr. PL .T., 263, 267, 268, 272, 273, 274, 
277. 

Jones, Sir W., 318, 320, 367. 

Jongu, 158. 

Journal of Indian art, 226. 

Jowain, 175, 176. 

Jowaki ICxpeditioii, 104; Jowaki hills, vSurvey.w 
in, 148. 

Jugdulluk pass, ('’aptain Strahan’s snrve}’ of, 
131. 

Jumna, ancient cities near, 327. 

Juuagadh, 346 (note), 347, 348, 349. 

Juiikse}lon, (^jmmander Taylor visits, 1 ; chart 
of, 2 ; 1*6. (note) ; sailing directions for, 3. 
t Juimur, 352. 

j Jygliur, port of, surv(‘ved at request of Sir 
R. Temple, 7. 


K. 

K 1>, 163, 161, 165. 

Kabadian, 188. 

Kabul valley column, 129 ; siirvoy of vulk'y, 
133; triangulatioii connected with Kuram, 
133; position of Kabul, 140; height of, 140; 
183, 190 ; map of routes to, 223 ; Mr. Gries- 
bach in Kabul vallej, 278. 

Kach Gaiidava, 94. 

Kaeh valley, 97. 

Kachi plain, 48, 94, 95, 96, 97. 

Kachin hills, 166, 169. 

Ka-cho, 171. 

Kadis, 179, 180. 

Kafiristan, 130; slavery in, 134, 135, l44 • 
Mr. McNair in, 149, 150 (note), 191. 

Kafir Kot, 91, 333. 

Kaiiulgaon, rock cut temple of, 333. 

Kaiaiii kings, 174. 

Kailaiig, observatory at, 295. 

Kailas temple at Eliiru, 324, 353, 354. 

Kaisar river, 131, 186. 

Kaisargbar peak, 147, 148. 

Kaitu Kuram, 149. 

Kajnri Kacb, 98. 

Kaka Khels, 149, 150. 

Kala Chiita Pahar tract, 104. 

Kala-i-Madre Padshah, 173. 

Kala Path, 174, 175. 

Kalabiigh, 252. 

Kahulau river, 364. 

Kaladgi, Antiquities in, 342, 346. 

Kalagwe, 166, 
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ICalanjaAii fort, 337* 

ICalburga, 344. 

Kali river, the, 161, 250. 

.Kaliana (Jhiml State), 274. 

Kaliuipong, 279. 

Kalsi, 326, 348 (note). 

Kalyaiia, 350. 

Kaman-i-Bihlsht, 176, 177. 

Kamuwaruni coal-field, 248. 

Kamerig branch of the Hhoroli, 78. 

Kamrup boundary survey, 75. 

Kamtis, 75, 79. 

Kan (Upper Burma), 170. 

Kanara, coast, 35 ; 322, 355, 367. 

Kaimra-^tysore frontier, 82, 83. 

Kannuj, 326 (note). 

Kaiichanjanga mount., 127, 162, 225. 
Kanchipuraui, 359. 

Kanchipunun, 371. 

Kanchrapara station, East Bengal Railway, 121. 
Kandahar, 6f ; route from, to (iirishk, 129, 133 ; 
battle of, 137 ; position of, 47, 139 ; height of, 
140, 174, 185; gold near, 254; Kandahar 
range, ib. 

Kandia, 141, 142. 

Kandil river, 149. 

Kaiigra district survey, 99. 

Kangra Lama La pass, 127, 151. 

Kimhori, 352 ; K. inscriptions, 354. 

Kanigui-am, 146. 

Kankali mound at Mathura, 340. 

Kantee, 171. 

Kanuugos for Bengal, 1 18. 

Kapilavastii, ISIr. Curlleyle’s supposed i<lentifica- 
tion of, 331, 332. 

Karachi, 25, 197, 201, 206, 213, 214, 215 ; Karachi 
winds, 292. 

Karakoram pass, 158. 

Karakul, Great and Little, lakes, 192. 

Karasliahr, 158. 

Kara Tupa Kalan, 187. 

Kara Taini Khnrd, 187. 

Karatash, 192. 

Karatoya river, 334. 

Karenis as surveyors, 116 ; Kareni IState, 169, 
*Karharbari coaLficld, 240, 245, 273. 

Karkatchu range, 134. 

Karleh, Cl. 

Karnali river, 152. 

Karnul, cave explorations, 263, 268; 277. 

Karta, 160. 

Karwar, 2, 197, 204, 274. 

Karsambla, Buddhist caves at, 342, 355. 

Karauli, 336. 

Kasaiili cantonments, 80. 

Kashgar, 192 ; Kashgar and Yarkand meteor- 
ology, 287. 

Kashkar, 366. 


Kashmir, 150, 154, 194 ; amine in Kashmir, 246 ; 

Mr. La Touche (geologist) in Kashmir, 272. 
Kashmir, temples of, General Cunningham on, 
337. 

Kasia, ruins at, 332. 

Kathe tribes, 363. 

Kathiawar, 34, 85, 231, 245 ; Mr. Fedden (geolo- 
gist) in Kathiawar, 2.50, 256, 262, 265; 
meteorology of Kathiawar, 308, 309 ; Kathia- 
war, inonnments in, 341 ; i)r, Burgess’s 
Archffiological report on, 347, 349. 

Kathi tribe, 347. 

Katni, 250, 256; Katni railway to Jabalpur, 
264. 

I KaarKonda-Papakenda range, 247. 

I Kausambi, 337. 

! Keda, 350. 
j Kegudo, 154. 

; Kennedy, General, 146. 

I Ketas, temples at, 333. 

^ Keyes, General, in Jowaki country, 104. 

I Khaf, 177. 

I Khairgura, 240. 

Khairpur meteorite, 271 (note). 

Khaisar valley, 146. 

Khajuraho, 330, 337. 

Khakrez, The lower, valley, 254. 

Khaiuba Jong, 158. 

Kharaiab, 174, 187. 

Kliau Bahadur, Title of, bestoAved on the 
“ Bozdar,” 148. 

Khanabad, 188, 194. 

Khandagiri caves, 327, 331, 358. 

Khandesh Survey, 70, 71 ; monumental remainH 
in 342. 

Khanti (of Wilcox), 171. 

Khanwa, Battle field of, 336. 

IGiarajaiigjh pass, 180. 

Kharan, 95, 97, 98. 

Khari, 81, 

Kharwar (Afglianistaii), 278. 

Khasia, Garo, and Naga hills survey , 75 ; 277. 
Khatan, 275. 

Ivliatmaiidu valley, 162. 

KhaAvak, 191. 

Khelat, 64, 93, 94, 97. 

Khetran country, 94, 97. 

Kbiderzai clan, 148. 

Khiithar range, 241, 254. 

Ivhojah All, 173. 

Khojak range, 254. 

Khojas, fugitive, in Badakashan, 193 (note). 
Kliorasan, 176, 195, 267 ; geology of eastern 
Khorasau, 269. 

Khost (Punjab frontier), 130, 146 ; Khost (fej. 5 id 
Pishiii Railway), 92, 275, 277. 

Khotan, 157. 

Khulm and river, 186, 188, 189, 190. 

Khurasan (Baluchistan province), 97. 
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Khurd Kabul, 140, 278. ! 

Khurdah estate (Pooree), large scale (surveys in, j* 
103,114. 

Khushk-i-rud valley, 1 33. 

Khiisrah writing assigned to survey staff, ICO. 
Kliwaja-Amrau range, 06, 07. 

Khwaja Salor, 187. 

Kielhorn, I'rofessor F., 372. 

Kidderporc, 201, 207. 

Kila Bar Paiijah, 143. 

Kila Wamar, 103. 

Kilif, 182, 187, 188. 

Kiiidnt, 200. 

King, J)r., 238, 245, 2.56, 266 ; appointed Super* 
intcndcnt of the Gcologieiil Survey, 272, 273. 
Kinney, Mr., 61. 

Kirghiz, 102. 

Kiria, 157. 

Kirmaii, 177. 

Kirthar range, 2.53. 

Kishcii Singh. Sea A k. 

Kishen Singh (geologieal apprentice), 253. 
Kishenganga valley, 145. 

Kisseraiiig, 204. 

Kistna river, 125, 247. 

Kitchen, ]\Ir., 150 (note). 

Kittoe, Captain M,, 321. 

Kli 9 , Herr, 227. 

Kodi.Kols, 323. 

Kohat, district survey, 00, 01 ; Kohat town, 02; 

Kohat pass, 104 ; 250, 

Koh Daiuau, 133, 13^ 

Koh-i-Jlaha tnouutains, 182, 190. 

Kohd-»Saf, 181. See also Safed Koh. 

Kohistun, 134, 191. 

Kohitezek pass, 193. 

Kokcha river, 191. 

Kolab,«143. 

Kolam, 142. 

Kolar gold mines, 273. 

Kols, The, 248. • 

Kondane, 352. 

Kong-lachell pass, 158. 

Konkan survey, 124 ; descrij)tioii of Koukan, 
125. 

Konni, 169. 

Kopah, 1. 

Kopargaum, antiquities in, 342. 

Korba, 273. 

Korokh valley, 177, 179. 

Kostenko, Captain, 192. 

Kotai, 350. 

Kotauni pass, 149. 

Kotkai, 150. 

Krakatoa, 204, 205, 

Krik (IVeneh missionary), 155. 

Krishna shoal lighthouse, 53. 

Krol group, 260. 


Ksliatrapa inscription at Juuagadli, 348. 
Kshatrapa kings of Siirashtra, 347, 349. 

Kuehar CKast Tiirkistan), 158 ; (Afghanistan), 
179. 

Kudara, 19.3. 

Kueii lain mountains, 153, 154, 157. 

Kuhaks, 97. 

Kuhsan, 174, 170, 182. 

Kulachiiri Kajas of Chedi, 332. 

Kuldar, 188. 

Kulha range, 163. 

Kumaun, 48, 50, 161, 250, 253, 27.3, 275. 

Kiiiiar valley, 130, 135, 150. 

Knud, peak of, 1.31. 

Kunduz, 186, 194; Kimduz river, 188, 189, 190. 
Kuril river, 1 63. 

Kuram valley, 91, 129, 130, 133; trianguUition 
connected with that of Kabul, ib . ; Mr. V/ynne 
in, 250. 

Kiishk river, 177. 

Kushk liud river, 170. 

Kussiloug, 258. 

Kusinagara, 332. 

Kuthera, 337. 

Kwuudar valley, 117, 

Kyaukku temple, 364. 

I Kyauk-pyu, 23, 

I Ivya-whyat, 276. 
j Kyendwen river, 79. 

Kyonkbe, 166, 


L. 

L , explorer in Tibet, 151. 

L c (Chambel), 152,^157. 

Laccadive islands, 29, 35. 

Laduk, 157, 253, 275. 

Tiudak, (Uinniughain’s, 337. 

Lahore, 338 ; moiuimciits at, 343, 344. 

Lahore observatory, 284, 298, 304. 

Lahori pass, 150. 

Lakanpur coal-field, 260, 274. 

Lake, Mr. P., 272, S71, 277. 

Lakhima, inscription at, 337. 

Laki range, 241. 

Lakpat, 86. 

Lala Hem Kaj, 311. 

Lalla Ruchi Ram Sahui, B.A., 296. 

Lama, The. See U.G. 

Laraaiug, 166. 

Lambeth (India Store 13eju)t) observatory, 216. 
Lambton, Colonel, 38, 44, 47 ; commonces the 
trigonometrical survey of India, 58, 312. 
Lambton and Everest's Great Arc, 58, 

1 Lamcch, shrine of, in Lughmun, 134. 
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“ Kock ” The, 192 aud (note). 

Lamuti, 141. 

Land settlement, map of India showing, 226. 
Lane, Mr. W., 1 10. 

Langdao, 79. 

LaramKotal, 150. 

Large scale cadastral surveys, 102. 

Lush Jowain, 173, 175. 

Latabami pass, 135. 

La Touche, Mr. »T. 1)., 112. 

La Touche, Mr. (geologist), 256 ; in the Dehing 
basin, 260, 264, 265 ; in Garo hills, 269, 272 ; 
in Kashmir, 27.3, 275 ; 277. 

Laterite, 249. 

Lat’tudc.s and longitudes of Indian localities, 209, 
316, 

Launggyet, 364. 

Leach, Licut.-Colonel E. 1‘., on Simla survey, 80, 
88; in North Afghanistan, 130; wounded and 
gains V.G., ib . ; in Argandah and Khakrez 
valleys, 137; description of Hazara country 
by, ib. 

Le lion, Dr. G., 320 (note), 362. 

Lege & Co., Messrs., 199, 217. 

Leh, 1.57 ; actinomctric observations at, 295, 296 ; 

hiiromotrical observations at I^eh, 293. 

Lem Chang l**ra (fcJiam), 5. 

Leopards found in N.W. Afghanistnu, 195. 

Leo Porgyal, 50. See also Eorgjal. 

Level, Reversible,” 217. 

Levelling operations in connexion with tidal 
obsi'i’vations, 200, 

Lhakhang-Jong, 160. 

Lhasa, 1.53, 154, 156, 157, 158, 160, 376. 

“ Idiasa, Narrative of journey to ” (by S.C.I).), 
1.58. 

IJiiobrak Chn, the, 163. 
lihobra Saiipo, 160. 

Lho Jong, 156. 

Lh6k’haptra, 164 (note). 

Lighthouses, and light vessels, inspection of, 9 ; 

annual return of, 1.3. 

Lignite from Baranga, 246. 

Limestone fossils in Upper Biinna, 280. 

Lingala, 248. 

Idpu Lek pass, 161. 

Lithang, 155. 

] .ithogruphic Ofiice, Calcutta, 221. 

Lithological nomenclattire, 271 (note). 

Little, Ur, C., 311. 

Little, Mr. C., 8H. 

Lo river, 164. 

Loh Nor, 153, 157. 

Lockhart, SJr W., 167. 

Lockyer, Professor N., 289. 

Loess soil in Badghiz, 178. 

Loftus, Captain A. J., additions to hydrography 
of Siam const, received from, 5. 

Logar valley, 133, 134, 135, 278. 


r.<ogs, meteorological observaiions in shipe, 2ti9, 
' * 292. See also Marine meteorology, 

Lohurdaga, 245. 

Lohit river, 156 (note). 

Lonad, 353. 

London Geological Congress, 276. 

Long, Captain F. B., R.K., 97, 137. 

Longitude observations, passim in Chapter IX. 
Longitudes and latitudes of Indian stations and 
localities, 209, 223, 317. 

Longriii coal-field, 265. 

Lora river, 136, 1 73. 

Lower Provinces, mapping of, 231. 

Lucknow observatory, 285. 

Ludhe, 150. 

Ludhiana district survey, 106. 

Lughman valley, 98, 131, 133. 

Luni Pathan, 97. 

liU river, 155 and (note). Sec also Giuma Nu 
Chu. 

Lungleh, 308. 

Lushai expedition, 170, 277. 

Lut-dih, 150 (note). 

Lydekker, Mr., 238, 246; on the N.W. 
Himalayas, 260; retirement and services of 
I 263; 268. 


M. 

M S in Badakshan, 142 ; presented with 

medal, 144. 

Macdonald, Ckdouel .L, 80, 104, 123, 125. 

Maegregor, Major C. 11., 79. 

jMaeh coal seams, 250. 

Machine for c^ilculating tidal heights, 199. 

Ma-chii rivers, 15.3, 154. 

Mackenzie, Colontd Colin, 321 ; his survey of the 
Amravati Tope, 358 (note), 3.')9, 367. 

Mackenzie, Lieutenant, R.E., 99. 

Madhapur, 256. 

Madras Presidency topography, arrangements for 
com})leting, 84 ; in Indian atlas, 231. 

Madras, survey of roadstead, 2, 4, 5, 19, 28 ; 
Madras coast series, 45, 46 ; ^ladras longitu- 
dinal series, 46 ; Madras revenue survey, 84 ; 
197, 201 ; mean sea level at Madras, 202, 208, 
204 ; 211, 214, 215 ; longitude of M^ras, 210, 
213 ; Madras observatory, 285, 312; Madras 
rainfall, 288; Madras cyclone of 1875, 390; 
Madras monuments, conservation and restora- 
tion of, 343, 846. 

Madura district survey, 84, 85 ; Mr. Foote in 
Madura, 256, 260 ; Madura, antiquities in, 359. 

Madya, 276, 

Magadha, Ancient kingdom of, 326, 329, 347, 

Maha-Kosala, Ancient capital of, or Cbatti^arh, 
335. 

Mahariadi, 36, 231, 239 ; Upper Mahanadi, 264. 

Mahauiuni pagoda, 364. 
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Hahasthan, 334. 

Mahi river, 297. 

Muhoba, 337. 

Mahomed Jau, 133. 

Mahsud Waziris, 91. 

Mahuwa or Mowa, 21. 

Maigna*171. 

Mtxiji Sahiba, tomb of, nt .Tuiiagatlh, ,349. 
Maimana, 178, 180, 181. 

Mainlon, 16C. 

Maisey, Colonel, 321. 

Maitland, Captain, 191. 

Muiwand, Dattleof, 137. 

Mak, 179. • . 

'Makran, Burveys in, 99 ; I^lakraii geology, 243, 
270, 349. 

Mukrana (Arvali Mountains), marble quan iecl at, 
243. 

Makum, 270. 

Malabar, South, Dart of, geologicnllv examined, 
276. 

Malay peninsula, 231. 

Malegaon, 200. 

MaltHika or MTa-kha river, 79, 170. 

Mallet, Mr., 238, 243, 202, 272, 270, 277, 

Maluad, 82, 83. 

Malot, temples at, 333. 

Malwa and Dhoj)al survey, 87. 

Malwa, General C’uimingham in, 329. 

Mafwan surveyed, 18. 

Mamallapurani, archreological rejiorts on, 359, 
302, 371. . 

Manar, gulf of, 1 9. 

Manasarowar lakes, 50. 

Manas river, 160, 163 and (note). 

Mandai, 94. 

Mandalay, 24; 160, 107, 168, 169, 299, 361. 
Manapand shoals (ofP '3’inncvelly), 35. 

Man1)huin, 244. 

Mandwa bay surveyed, 27. 

Mauegaon, 241. 

Mangal country, 130. 

Mangiiloro, 4, OO, 211,212, 21.5. 

Mangau(‘se ores in Gosalpur, 274 ; in »Sandnr 
hills, 276. 

Manikyala, 326, 333. 

I^lanipur, inhabitants of, 70, 168 ; Manipur-Burma 
lioiliidary Commission, 257 ; 258, 262. 
Manning, Mr, T., 374. 

Manora point, 19. 

•^ansahra, 348, 309. 

Manual for meteorologists, 286. 

Manual of Geology of India, 248, 271. 
Manuscripts, collections of Burmese, Kiamese, 
and Cambodian, 364. 

Mara, caves at, 331. 

Marble in Arvali region, 243. 

Maratha country ,*90, 12.5,249, 2.50, .346, 367. 

I, y 20.321. 


blarathns, 335, 347. 

Marco Polo, 154. 

Mardau, 341.. 

Marglierita (Assam), 79. 

Marine meteorological observation.*!, 289, 292, 
295, 297, 300, 302. 305. 

Marine surveys of India, early history, 1 ; new 
<lepartmeiit under Commander Tailor, 1 j 
oonmiittce for inquiry into working of, 11; 
report by Captain Brent (ui the department 
12,13,14,15; re-orgsiiusution of 1.5; (com- 
mander Dawson ‘-uecvu'd** Cornu arulcr Taylor 
in charge of, 1 5 ; total cost of department, 
10; lif%t of the publications of, 16, 17 ; results 
of, 1 7 ; secoinl i)eriod of, 1 8 ; total work 
rcimuning for, 34-36. 

Markandi temples, 329, 332, 336. 

MHrkbam, Mr. ( \ B., on Indian agriculture, 1,20 
(note) ; on Lake Palti, 159 ; 373 ; his work and 
public services, 375. 

Marmagao, 2, 10, 25, 2t»G. 

]Marri eountry, 9-3, 90, 97, 133, 25L 

IVIarshall, I.N,, ^Ir., rough c]>art of of harbour of 
Port Blair made' by, 30. 

IMar-^hman, Mr., 318. 

Martaban, Gvdf of, 2, 26, .36. 

Martin, Captain Gerald, in Kuram valley, 129; 
in Kohistan, 134; in VVaziri, 110. 

Mnruehuk, 194. 

Marwnr State, 80, 90. 

Mashhad, 171, 176, 182, 191, -309. 

Afassoii, Mr., 321. 

Mastuj, Ml, 1 44, 150. 

^^asuUpa^am, I. 

Mathematical Instrument Olfiee, Calcutta, 218 ; 
department transferred to new building, 220, 
221 . 

Matheran survey, 125. 

Mathura, 112, .326, 328, .335, 344, 348, 363. 

Mauritius ohservatoiy, 310. 

JMa;v o, Karl, 314. 

Mayo salt mines, 251. 

Mayu river, 364. 

Mazagon, 10. 

Maz;ir-i- Sharif, 182, 188, 189. 

Maznre, ^louseigneur de, 155 (note). 

McCarthy, Air., trianguhition hy, 54; uceujn- 
X>auies Siamese telegraphic expedition, 51; 
returns to Moulmein, 55. 

McCullagh, Alajor, 83, 84. 

McGill, Air., 81. 

McAtabon, Colonel, 239, 246, 260. 

McNair, Air. W. W., 91, 98 ; his death and 
serviee.s, /5,, 135, 1 19, 1.50. 

Aleasuremeiit of meriilional arcs, 209. 

Mcehi river, ICO. 

Aledijcval st^le of Indian architecture, .323, 324, 

Aledlieoit, Mr., 238, 253 ; retirement and .serviees 
of,* 270; his geological writings, 271 ; 273, 276, 
283 (cote). 

Meerut district .survey, 108. 



402 


INRBX. 


% 

Mep^hna river, reeonniiistiance of, U) ; survey of 
Meghna flats, 27, 28. 

Mehka, 171. 

Mehmiidubud, 302. 

Meins, Mr, C., 234, 290. 

Mekong river, 1.55. 

Mekran. See Makran. 

Mektar valley, M7. 

“ Memoirs by the Medical Officers of the Army 
in India, ” 228. 

Men tribes, 164. 

Mena, 147. 

Menaknatl), Cave temple of, 89. 

Menda La pass, 159. 

Menhirsj 324. 

of Mewat, the, 336. 

Meridional arcs, measurement of, 209. 

Mcrk, Mr., 173, 175. 

Merriman, Colonel, 86. 

Mergni, 1 ; selected us site for meiiMurement of a 
buse-line, 55; description of, /A., 56, 57; 58; 
lin in Mergni, 278 ; 364. 

Mergui archipelago, 3 ; survej' of, 25, 26 ; re- 
{dotting of beaten track in, 2(1 ; 37. 

Merv, 187. 

Merwara, forest surveys, 8o. 

Metcori((‘s, 271 (note). 

Meteorology, 2v43 et seq. ; inet(*(n-olugy of Indian 
s<'as, 289 and pas,siin in chapter ; report on 
Indian meteorology, critically compared with 
that of Russia, 290. 

Meiidou observatory, 290. 

Mewar, 90; Mr. Hacket in Mewar, 266. 

Mewat, Meos of, 336. 

Mians, 149. 

Mielini fort, 130, 131, 

Middleniiss, Mr. C. S,, 263, 268, 269, 272, 273, 
275. 

Middle .Moscos, 'rriangulation station on, 53. 
Myinupur, district survey, 116; 245. 

Mihirakulu, 370. 

Milam, 49, 151 ; Milam pass, 253. 

Military route surveys, Conduct of, 132. 

]M ill, Mr., 321. 

Minar, Buddhist, in Kabul valley, 134. 

:Miiibn, 168, 169. 

Minbya, 364. 

Mineralogy of India, 273, 280, 282. 

Minerals of South Afghanistan, 255. 

Minicoy, 208. 

Mining and boring operations in India, 274. 

Mints at Calcutta and Bombay, 217. 

Mir Izzut Ollah, 190 (note). 

Ikliranzai valley, 91, 280. 

Miri Hills, 52. 

Miri Radam, 164. 

Mirkhwaili, 92. 

Mirya, survey of bay of, 4, 


Mirzapur district survey, 109, 112. 

Mishmi country, 1.56. 

Mithankbt, 206. 

Mitra, Dr. R., C.I.E., 325 (note). 

Mitri, 93. 

M’Li'kha river, 79. See also Maleeka river. 
Model map of India, 225. 

Mogaung, 169. 

Moghuls, descendants living in Atghanistan, 186 ; 

190 (note). 

Mogok, 167. 

Mo-gonng-poon, 171. 

Mogiilkot, 279. 

Mokoshat mountain, 79. 

Monghyr, 206. 

Mongolia, A k in, 151, 153 ; 192. 

Mong States in Eastern Burma, 170. 

Monsoon forecasts, 289 ci seq, 

Montreal, Geological Section of British A‘<socia- 
tiou, 265. 

Montriou, (’ommander, 15. 

Monuments, preservation of ancient, 320, 341, 
344, 345. 

Moorcroft, Mr. W., 152. 

Moradabad revenue survey, 108. 

Moscos islands, 26, .53. 

Moshabar pass, 141. 

“ Mosque of Vazir Ali Ad-diii Khan, at Lahore.'* 
Mr. ,T. L. Kipling on, 363. 

Moulmeiii, 2, 3, 57, 201, 204, 207, 214, 364. 
Mounds in Shoiapur, 323. 

Mowa, survey of, 21. 

Mrohnung, 364. 

Mud bank at Alleppi, 274, 277. 

^Mudhera, 324, 355. 

Mugzis(dma, 157. 

Miihammaflan buildings, rare, in Konkun, 125; 
Muhammadan ’or Saracenic architecture, 322 ; 
]Muliaiiimadan buildings in Roiubay i^resi- 
dency, 32.5 ; Muhammadan ravages in Deccan, 
350. 

Muliammad Vusuf Sharif, 147, 148. See also 
Yusuf. 

Mukur, 140. 

Muleli, old diamond workings in, 247. 

“ .Mullah,’^ Explorations of the, 141. 

Multan, 136. 

Munshi,’^ the, 135. 

Munjan, 150. 

Mmidra, Tort of, 34. 

Murchison grant awarded to Mr. McNair, 150. 
Murgliabi river (Pamir), 143, J93. 

Murghab river (N.W. Afghanistan), 178, 179, 
181), 181. 

Murphy, II. X., Mr., on Bombay and its popiila- 
tioii in medimval times, 6. ^ 

Murree, water suj>ply of, 275. 

! Musadarra, 148. 

Musa Khtd country, 147, 148. ' 
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Mussoorie, 296 ; MusHoorie observatory, 304. • 

Miistugli Ata, 192. 

Aluzatfargarb, ?0i, lO.*). 

Miizaffnrnapfar district survey, 107, 108.' 
Muzaffarpiir district survey, 117, 11&, 119. 
Muzawar surveys, 102. 

Muztaj^h range. Point of convergence of, with 
Hindu Kush, 143. 

Myanong, 53. 

Myingyan, 1(59. 

Myittha valley, 170. 

Mysore survey, 81 ; survey of M;\s<)r(‘ town, 84 ; 
area of Mysore state, 84 ; Mr. h'oute surveys 
auriferous deposits in ^lysore, 272 ; 322 ; 
Meadows Taylor on, 360. * 


N. 

Nadsur, Ihuldhist caves at, 342, 355. 

Naga hills, coal-ticlds in, 238 ; 257 ; pefndeiim 
in, 276. 

Naga tribes, 75, Ho. 

Nagarkoil, 215. 

Nagar (Mysore), 82. 

Nagpur observatory, 285. 

Naichi valley, 153, 157. 

Nuinslie, 158. 

Naiif Singh, Pundit, birthplace of, 49 (note), 151, 
158, 165. 

Nalai valley, 117. 

Nauimaw, 167. 

Nanaghat inscriptions, 354. 

Naiuudnig, 82, 84. 

Nangaparbat mountain, Dcscripiioii of, 145. 
Nartikel, 4. 

NuraUi, 179. 

Narayauganj, 19. 

Narbada and Siwalikli hkjuidie, 259. 

Narbada river and Periin island, survey of clian- 
md between, 27 ; Mr. Pose on the Lower 
Narbada, 265 ; Narbada valley, 271 (note) ; 
Hoods o* the Narbada river, 297. 

Narcondam, 26. 

Nari river basin, 93. 

Narmada river, 327, 329, 350. 

Nasik survey, 86 ; Nasik, Antiquities in, 342, 
351, 352, 355. 

Native Pa.sseuger Ships Aet, 3. 

Native States, Statistical information regarding, 
317. 

Natives as geologists, 264. 

Natyadung pass, 54. 

Naungsa lake, 171. 

Nava^deva-kula, 331. 

Navibandar, 31, 32. 

Nawal, 331. 

Neching Gangra range, 156. 


Needham, Mr. J. F., 79, 156 (note), 166.'* 

Nefud, Red sands of Arabian, 262. 

Negapatam, 4, 21, 47, 201, 205, 207. 

Nellorc district, 240. 

Ncmaean lion, statue of Heraklca and, 385. 

Nepal, 127; G. S. S. in, 160; 161, 162, 231, 
349. 

Nepal and Oudh frontier survey, 124, 160. 
Newl'old, Captain, 237. 

Newland, Mr. J., 89. 

Newman, l\lr., 54. 

New South Wales, Minister for mines, 266. 

Xfza Tash j)ass, 193. 

Nicobar islands, 28, 204, 205. 

Nilgiri hills, 17. 

Nilang valley, 51. 

Nili river and fort, 184, 186. 

Nishapur, 187. 

Niti pa.s.s, 253. 

Nizam’s dominions, survey of portion of, 90, 
12.3, J24; map of Nizam’s dominions, 224, 
226 ; Dr. Burgess’s arcUmologienl researches in 
western part of, 350. 

Nou Dihing \ alley, 52, 78, 79. 

Noah’s ark, 'IVaditions of, in Lughnian, 134. 
Noetling, Dr. F., appointed paleontologist, 272 ; 
276, 277, 279. 

Nomenclature, Lithological, 271 (note). 
Noiigyong 79, 166. 

Northbrook, Karl, 376. 

Norman’s Point, 3. 

North-West frontier and adjacent regions, Fx- 
plorutions in, 140. 

North-West Provinces, irrigation map of, 22.’'' ; 
North-West frontier mapping, 226 ; North- 
West Provinees rainfall, 294 ; North-West 
Provinces and (Judh, monuments in, 344, 346. 
North-West qiiadrilat(*ral, 59 
Notices to mariners published, ,3. 
Nowagarb-lvharial, 2.39. 

Nn Chn. >cc Giama Nu Cbu. 

Nuksan pass, 150. 

“ Numismata OrientaHa,” Marsden’s, 372. 

Nurpur, 340. 

Nusbld, 94, 96, 172, 173. 


0 . 

Obeh, 140, 183. 

Observatories, Meteorological, 2«4 ; classification 
of, 296, 304. 

Ocean Ilighwai/s^ Rainfall chart in, 294. 

Occupancy tenants, 111, 113. 

Ogle, Mr., in Lakhimpur, 75 ; on Assam 
frontier, 79 ; his account of work of No. 6 
party on Eastern frontier, 80; in Kuram 
valley and Zaimukht country, 133; 167, 170. 
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Olclcuburg, Profc‘ssor, 332. 

Oldham, Dr., 287’, 257, 270. 

Oldham, Mr. C. jdC., 248. 

Ohlham, Mr. li. 1)., appointed to geological 
survey, 258, 257, 262, 264; in Bikuuir, 269, 
'272,274, 277. 

Oiilct, 164. 

Orakzai. See Urakzai. 

Oriental Congress of 1874, 356, 

Orissa const, examination made of, 22; survey 
of, 33, 36 ; triangulation along, 6.5 ; cyclone 
off, 206; 369, 

Orr, Messrs., and Sons, of Madras, 266. 

Oudh revenue surveys, 112; Oudh and Nepal 
frontier survey, 124, 160; Oudh monuments 
in, 346 and (note). 

Os^us river, 143, 174, 176, 181, 186, 187, 366. 
Oxus, Upper, valley, 192. Sec also Panjuh. 

P. 

X^ A. hi Bhutan, 163. 

Pachmarhi ob.scrvatory, 28.>. 

Padams, The, 165. 

Padao,'79. • 

dhigan, river survey party (under Commander 
P. J. Falle) at, 24. 

Paithitn, 350, 351. 

Paiwar puss. Captain Woodthorpe at, 129; 

Paiwar pass, 130. 

Pakchan, 1, 27. 

Pukokku, 368. 

Pala dynasty of Bengal, 333. 

Palamnu, 2 14. 

“ Pahcontologhi IiuUca,” passim in Geological 
(Chapter. 

Palanpur, 89. 

Palesar jiass, 142. 

Palihothru, 328. 

Pali tana, 355. 

Palk straits, survey required of, 35 ; trinugulation 
(connecting Ceylon with India) via, 45. 
Pallavaram, 359. 

Palmer, Mr. C. E., K.N., appointed meraher 
Murine Survey Committee, 12. 

Palmer, Mr. G. G., 226. 

Palmyras shoals, delineated, 22. 

Puhii Hills, the, 85. 

Palosin, 146, 

Palti lake, 1.58, 159 (and note), ^64. See aha 
Yam-dok-tso. 

Pamir, 192, 193, 270. 

I*auama, mean sea levels at isthmus of, 202. 
l^anchalinga, 347. 

Panch Mahals survey, 89. 
l^auch Pahari, 330. 

Pandua, 340. 

Pauipat, Battle of, 365. 

Panjah river, 193, 194. See also Oxus. 

PangQpg lake, 157. 


Panjara-Borddhonkuti, 334 (note), 

Panjgur, 95 and (note), 147. 

Panjkora valley, 141. 

Panjshir, 191. 

Pautaleon, coins of, 370. 

Paoglu.n, 182. 

Paranagar, 336. 

Paris Exhibition, 223 ; Geological Congress at 
Paris, 255. 

Paiivrajafca Maharajas, 370. 

Parner, antiquities in, 342. 

Paropamisus, 177, 178, 179, 267. 

Pascoe, Navigating Lieutenant, R.N., surveys , 
M<».3ras roadstead, 2 ; visits Cochin, Bey pore, 
and Calicut, 5 ; completes examination' of 
Quilon roadstead, 7 ; completes survey Back 
bay, 19; surveys Quilon, 21; resigns Indian 
marine survey, 31. 

Patuliputra, 328. 

Patkoi range, 78, 79, 166. 

Patan, 88, 355. 

Patna district survey, 114; observatory, 285; 
barometrical observations at, 293 ; Patna, 328, 
331, 333, 348, 353. 

Pattadkal, temple at, 324, 347. 

Patterson, Mr. W. H., 126. 

Patwari Bill for Bengal, 118. 

Paundra Varddhana, ancient capital of, 334. 

Paumbeu, 4, 8, 197, 204, 261, 309. 

PuAvagarh hill survey, 89. 

Peaeoeke, Captain, 187, 191. 

Pedder, Mr. W. G., 377. 

redler,Mr. A., 311. 

Pedro ])omt, 28. 

Pemakoichen, 104. 

Pemberton, C’aptain, 103. 

Pencil coal-field, 267. 

Pen<luluiu observations, 44; Captain Basevi’s, 

210 , 212 . 

Peukalaotis, 336. 

Pennar river, South, 46. 

Perak, Mines of, 276. 

Perim, 34 ; (lied Sea), 309. 

Periodicity of drought or famines, 287, 300, 

I’eriplus, the, 351. 

Periyur project, 85. 

I’ermanently settled districts of Bengal, Survey^ 
of, 119. 

Persian inscriptions, 339, 346 (note), 

Persi.'i, Yusuf Sharif in, 99 ; Eastern Persian Mis- 
sion, 172 ; Persian gulf, 270. 

Peshawar, column, 130; 140, 141, 836 (note). 

Petley, Navigating Sub-Lieutenant E. W., 2; 
takes up survey Bombay harbour, 9 j notes by 
on history and topography Marmagao, 10; sur- 
veys Bombay foreshore, 10 ; descriptive sketch 
of Goa by, 10; 121. 

Petroleum in Baluchistan, 275, 279 ; in Naga 
hills, 276 ; in Burma, 276. 

Peyton, Mr. J., entrusted with topographical 

, survey of Byans valley, 48, 49. 
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Dhaetou shoal, Ueport hy Commander A. 1» 
Taylor on, 9. 

Phari, 151. 

Phayrc, Lieutenant-General Sir A. P., 372. 
Pho-mo-chang-thang-tso lake, 159, ICO, 103. 
Photo-collotype process, 228. 
l^hoto-electrotyping process, 229. 

Photo-etching process, 227, 228. 

Pbotoglyptic process, 227. 

Photographic Office, Calcutta, 221. 

^ Photo-heliograph, 290. 

Phra Pratom pagoda,, 64, 

^Phyllitao Gondali, 329. 

Pigou, Dr., 368. V * 

Richer, Dr. .1. G., 311. ^ 

Pilots ridge, 22, 3C. 

Pirghal peak, 14C, 

Pir Paiijal (Jammu territory), 238. 

Pishiu valley, 96, 97, 98, 129, 173; geology of, 
254 ; rain Tall in, 300. 

Piyadasi, inscriptions of, Mr. Senart on, 361. 

Plane table, 101 ; usefulness of, lor inililary 
route surveys, 133. 

Planets, Minor discovered at Madips, 313. 
Platinotype process, 223. 

IMiny, 3.51. 

PococU, Mr., 48. 

Pogson, Miss Isis, 293, 311. 

Pogson, ^Ir. N. It., 287, 312. 

PollSi, Lieutenant W. II., 170. 

Po-lo-mo-ki-li, 359. 

Po-lo-yu monastery, 359. 

Polu, 157. 

Ponjyji, 47. 

Pondicherry, port of, 35 ; measurements of 
polygons between Madras and, 46, 47 j 349. 

Pojirowa, 334 (note). 

PooMi, tidal and levelling party at, 57 ; survey 
conference at, 86,- 89, 126 ; Poona district 
survey, 123. 197; 200; Poona College of 
Science, 216; Poona observatory, 285 ; anti- 
quities in Poona, 342. 

Population, map showing density of, 226. 
Porbandat, 29 ; survey of, 31, 32. 

Porgyal mountain, 50, 260. 

I’ort Blair, rough chart made of harbour of, 30 ; 
inspection of working of tide gauges at, 57, 
201,205. 

Port Childers, 22. 

Port funds liable for tidal gauge expenses, 196. 

• Porto Novo, 35. 

Portraine, county Dublin, Mr, Medlicott on 
geology of, 271 (note). 

Ports, inspection of Indian peninsular, 4. 

Porus, Alexander’s battle with,' 326. 

Postftns, Lieutenant, 321. 

Potter, Mr., assistant surveyor, 47, 55. 

Pottery works started at Jabalpur, 277, 

Pot war, 241. 


Powell, Commander, Survey of pass l?etwceu 
India and Ceylon by, 4, 

Powell, G. IT., 169. 

Powuah surveying vessel, 1 6. 

Pranhita valley, 237, 247. 

Predictions of tidal heights as compured with 
actuals, 206, 208. 

Ih'chistoric remains in India, 321. 

Prendergast, Sir II., 99. 

Preparis, 26. 

Price, Mr., triangulates towards Quetta, 48, 

Prince’s dock, Bombay, 10, 207. 

Priiisep, Mr. H. T., 318. 

Prinsep, .lann*s, 321 ; the first to discover positive 
dates in Indian history, /7i., 325 ^ 369, 372. 

Priyadasi, 361, 369. 

Proby Cautley, Sir, 236. 

Prome district, 364. 

Prongs lighthouse, 10. 

I’ropert, Mr., 342. 

Prshevalsky, General, 154, 157. 

Prim, 155. 

Piidukattai State, 245. 

Pughman rang'% 134 ; Pughman district, 135. 

Puhi creek, 19. 

Pulicat, 28. 

Pul-i-Khisti, 178. 

Pullan, Major A., 85. 

Puimiur, battle of, 337. 

Punitluuig river, 163. 

Punjab revenue survey, lOf, 112 ; 231 ; geodetic 
operations in the, 215 ; Punjab, (general Cun- 
ningham’s explorations in, 326, 332 ; Punjab, 
Lieutenant Abbott, K.E., restores monuments 
in, 344. 

Pym-ul-win (Burma), 166. 

Pyrolusite (manganese ores) in Central Pro- 
vinces, 274; in Sandur hills, 276. 


Q. 

Quetta, 47, 92, 93, 94, 98, 172, 173. 
Quilon, roadstead, 7 ; survey of, 21. 


R. 

R N , 161, 102, 163, 164. 

Hahanpur, 334. 

Kaliat Shah, 150. 

liainfall charts, 225, 294, 309 ; rainfall registra- 
tion, 286, 300, 301, 302, 309; rainfiill as 
affected by forests, 298, 299 ; rainfall in 
Northern India, 290; memoir on rainfair of 
India, 299, 306. 
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Symons’, 

Uuipui* meteorite, 27 1 (note). 

Uajgarh, 336. 

Kujendnila Mitni, Dr., 325 (note). 

Jlajim, 335. 

Rajmahal hills, 244; Kajmfthal coahfiold, 274, 
Rnjpuri river, chart of entrance to, 23. 

Rajputana, 80, 81, 90, 231. 238, 269, 298, 322, 
328 ; General (^uiminghani in, 336 ; architec- 
ture and scenery in, 346 (note). 

Rajputs, 350. 

Rajput temples, 323. 

Rnkas Tal, 152. 

Raleigh shoal, 10. 

Raniree roadstead, survey of, 21. 

Ramkola, 250. 

Rama bridge, 261. 

Rauiayana, Invasion of Ceylon nuuitioned in the, 
261. 

Rameswaram, 261, 359, 362, 371. 

Ramnad Zamindari, 371. 

Kanipur coal-field, 266, 274. 

Rmnpurwa, 332, 340. 

Ramri island, 246. 

Rang-kul Jjike, 192, and 193 (note). 

Rangoon, 1,2; hydrographic notic(‘s published 
containing sailing directions for, 3 ; Lieutenant 
C/OOmbs’ surv»^ys port of, 11 ; (.'ommander j 
Dawson surveys ejitrances to, 20,21 ; inspec- j 
tion of working of tide gauges at, 57 ; 201, 
204 ; Rangoon observatory, 285. 

Ranipnr-jural, 331. 

Rann, the Great, 85. 

Rashtrakuta, king Dantidurgu, 354. 

Katnagiri, survi-y of port of, 4 ; fauna of shore.s 
near, 6. 

Ravenshaw, l\Ir. J. II., 334 (note). 

Raverty, Major H. G,’s Notes on Afghanistan, 
150 (note), 365. 

Rawal I’indi revenue survey, 104, 105; Rawal 
Pindi plateau, 241. 

Rawlins, Lieutenant, 194. 

Rawlinson, Sir II , 190 (note), 192 and (note). 
Razraak valley, 146. 

Rea, Mr., 358, 359, 360, 362. 

Red hills of Madras, 249. 

Red Sea, 309. 

Reductions in survey budget, Secretary of State 
disapproves of, 39 ; correspondence on subject 
of, 39 and (note). 

Reduction of triangulatiou, 232. 

Reh efflorescence, 246, 271 (note). 

Keg^stan, 96, 254. 

Regur, or black cotton soil, 261. 

Rebatsek, Mr. £., 355 (note). 

Religions, Map of India, showing, 226. 
Reuny-Tailyour, Lieutenant, 170. 

Reorganisation of Marine Survey Department, 


Reports on moral and matt'rial progress of India, 
374. 

Repsold, instrument 174. 

Rer river, 250. 

Rcvcime survey branch, reductions in, 39 ; re- 
organisation of department and amalgamation 
with Irigonomeirical and topographical, 40 ; list 
of officers and surveyors in amalgamated 
department, 40, 41 ; Revenue surveys, 100-127 ; 
Revenue Survey Office, ('alcutta, 221. 

Reversible” level, 217. 

Rewa, South, basin, fossil flora of, 259 ; Rewa 
Gondwana basin, 264 ; Rewa, General Guu- 
ningham in, 336. 

Richardson, Dr. .1., 311. 

Ril)b^ntrop, Mr., 299. 

Richelieu, Captain A. de, 2 

Ridgeway, Sir J. West, 172. 

Rigidity of earth, 203. 

Riina, 156 (note). 

Robert, Mr., 126, 127. 

Roberts, Mr. K., F.R.A.S., 197, 198, 199, 200, 
203, 204. 

Robertson, Dr., 150 (note). 

Robinson, Caphiin D. G., R.E., 251. 

Rock-eut h'mples of Western India, 346. 

Rockingliain patch surveyed, 28. 

Rodgers, ^Ir., archroological surveyor, 340, 361. 

Rogers, Major, comnieiici's Eastern Sind series of 
triangulation, 47 ; attached to southern army in 
Afghanistan, 48 ; relieves Captain Hill in f;om- 
pletion of Eastern frontier series, 50 ; inspects 
working of tide-gauges, 57 ; in Soutliern 
Afghanistan, 129, 135; 204. 

Rohilkhand, Dr. FUhrer in, 340. 

Roliri, 238, 333. 

Kohtak, village survey, I0f>. 

Kohtus, 340. 

Rojlii, port of, 34. 

Roman caravan across PuTnir, 193 (note). 

Rong-chu, 159. 

Konson, Mr. W,, 374. 

Koshan, 143. 

Ross, General, 104, 134. 

Houle surveys, conduct of, 132 ; in first Afghan 
War, 139. 

Rowland, Sergeant, 295, 297. 

Roy, General, commencement of trigonometrical 
survey in England by, 38. 

Royal Geographical Society, 156, 158, 170. 

Ruby mines, 167, 169. 

Ruby tracts in Burma, 276, 279. 

Rudbar, 173. 

Budra Mala, temple at Sidhpur, 88, 324. 

Rumbur, 150. 

littun of Cutch. Sec Hatm. 

Rupnath, 329. 

Rurki observatory, 385. 

Russian meteorological report critically com- 
pared with that of India, 290.^ 





Kj^all, Mr. K» Or, K^umaan and Garhwal survc> 
completed dnder, 48 ; description of trianjrnla- 
tion hv, .»)() (see note), 
llyasolberglfe, Van, meteorograph, 285. 


s. 

S. C. T). (Sarat Cluindru Das) Dabu, 158, 159. 
Sabarinati, 297. 

J^abzawar, 18.5. 

Sachu, 154, ir>8. 

Sacramento shoal, 21. 

Sudiya, 52. 

Sadri, ;i22. 

Safed Koh ranges, 150, 178 180. 

Safis, 135. 

Sagain, 109. 

Sah coins, .348 (note). 

Saliaranpur survey, 107, 120. 

Salu't Mahct, 339, 340. 

Sah Kings of Surashtra, 349. 

Sa’cbor, 7. 

Saidabad, 13*1. 

St. Tlionie, 5. 

Saith*ang, 154, 158. 

Saitu. See Sachu. 

Saiva caves, 323. 

Saiva temples at l\attadkal, 347. 

Sakavf, 159. 

Salnyii creek, 34. 

*^Salem district survey, 85. 

Salsctte isliind, 353. 

Salt range, the, 241, 24C, 251-3, 253. 

Salt range fossils, 259, 253, 258, 270, 273, 275, 
278. 

Salt produced by solar evaporation at Sar, 81. 
Salwen river, 155, 168, 203, 363. 

Sama, 155. 

Sambalpur, 250. 

Samding monastery, 158, 159. 

Samuell’s, Captain E. W., 86, 120, 124 ; attached 
to Peshawar colunm, and death of, 124, 130. 
Sam-ye, 160. 

San Francisco, 234. 

Sana, 349. 

Sancharak, 181. 

Sanchi tope, 822, 327, 330, 343, 370. 

Saudeman, Colonel, 112, 170. 

Saudeman, Sir Xi., 95, 147. 

Sami Heads, The, 207. 

Sandoway, 20, 21, 22, 36, 364. 

Sandrakoptos, 369. See also Chandragiipta. 
SandrapoJi, 240. * 
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I ^auds, red and white blown, in Tinuevefly and 
Madura, 262. 

' Bandar hills, 266, 276. 

Bund w ip channel, 19. 

Bangala, fortress of, 337. ' 

Sangamner, antiquities in, 342. 

Sangram, Prince, 3.36. 

Sankara, ancient fort at, 331. 

Sankisa, 337. 

Sanpo river, 52, 1.53, 156, 158, 159, 163, 164, 
171. 

Sanscrit inscriptions, 339. 

SuDsknt inscriptions from Girnar, 346 (note). 
Santapilly, 19, 29. 

Siipphin‘s in Zanskar, 273, 275. 

Saracenic architecture, 322, 323. 

Saraswati rivt;r, 88. 

Sariin, 332. 

Sarez Pamir, 143. 

Sarhad, 143. 

Sarlpnl, 180, IBl ; Saripni river, 186. 

Sir Laspiir, 141. 

Sarun district survey, 109. 

Sasik, 193. 

S.isseram, 330, 310. 

Satara, district survey, 122 ; 200. 

Satpura Mountains, 71; Satpura basin, ^240; 
Satpnra Gondwana basin, .souibern coal6elds 
in, 269, 273. 

Satruujaya, 322, 345 (note). 

Sangor island, 201, 207; Bangor island obser- 
vatory, 284, 285. 

Saunders, Mr. T., 374. 

Sauras or {savaras, aboriginal race of, 335 (note) . 
Sehlngintweil-Sakiilunsk), Mr. H. von, 286. 
Sclilagintweit, Mr. R., 259. 

Beieiice and Art Department, 327. 

Scieiitifie instruments, Snp|dy of, 215. 

Sconce, Colonel, 104, 115. 

Scott, Mr. G. R., 95, 104, 130; attacked by 
Momaiuls, I3(i; granted sword of honour, 131 • 
in Zhob, 147. * 

Scully, Dr. J., 194 (note), 290. 

Sea-level, mean, on Indian coasts, 200-208. 
Sedimentary rocks, 235. 

Selling tribe (Mergui archipelago), 55. 

Sehwan, 48. 

Soismometric observations, 263. 

Seistan, 173, 175, 176,254 ; Mr. W. T. Blanford in. 
259. 

Selby, Lieutenant, late I.N„ 15. 

Seleukos Nikator, 369. 

Selungs in Mergui, 56. 

Senior, Mr. R. W., description of Periyor proiect 
by, 85 (note). J F J ^ 

Scrap Gyat.slio, Lama, 162 (note), 163. 

Settlement, Map showing land, in India, 226. 
Seven pagodas, temple of, 324, 343. 

Sewell, Mr. R,, 357, 358, 371. 
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Seyahelles, meteor. (.)bst*rvation8 in, 309. 
Hhab-jui, 130. 

Shah Yar, 157. 

Shall ]\faksud range, 254, 255. 

Shakh Bmliii, 251. 

Shukh Darn valley, 143. 

Shachaii. Sachu. 

Sluihabad district survej*, 109, 1 1 5. 

Shall Alani, 865. 

Shabhaz-gaihi, 348 (note), 369. 

Shahdi'ri, 333. 

Shahk, 188. 

Shahr-i*Nao, 177. 

Shahri-Wairan, 180, 

S^ah llixa, of Drush, 366. 

Shan hills, metalliferous deposits in, 273, 276. 
Shan States, 166, 167, 168, 169, 363. 

Sbapur coal borings, 256. 

Sharag coal locality, 256. 

Sharan river, 149. 

Sharqi kings, 830. 

Sharigb vulK‘y, 277. 

Shashgao, 140. 

Shaw, Hr., 295, 296. 

Sheikh Hohidiii, 96. 

Bhekftbad, 140. 

Shekawati State, 80. 

Sherani country, 147. 

Sheravuli, Falls of, 83. 

Sherpiir, 133, 135. 

Sher Shah, tomb of, at Sasserain, 330. 

Shial Bet surveyed, 21. 
fehibrghan, l^l. 

Shigat/.e, 1.51, 152, 158. 

Shignan, 143, 192. 

Shikto valley, 140. 

Shillong, 7,5, 263, 

SJhiugh’ islands, 8. 

Sliips’ meteorological observations, 289 and 
p(mm in Chapter XIII. See also Marine 
meteorology. 

Shiuwari country, 130. 

Shir Shah, 328. 

Shiva table laud (Badakshan), 143 ; Shiva lake, 
193. 

Shorapur, banows in, 323. 
ghorarud hills, 96., 

Shorn wak. 96 ; survey of Shorawak valley, 129. 
Shore, Sir ,1., 367. 

Shore temple at Seven pagodas, 343. 

Shor Tapa, 187. 

Shortrede, Captain, base line measured by, 61. 
Shortt island, 22. 

Shuidar peak, 146. 

Sliutargardan i)nss, Woodthorpe’s reconnaissance 
of, 130 ; 278. 


Sliwe Dagon, pagoda, ;164. 

Smhgird,.188, . 

Siam coast. Additions to the hydrography of, '53 , 
54 ; Siam, triangulation ca^rie^l int6, 54, ' 

Sibi, 92, 93, 94 ; Sibi coal deposits, 256. 

Sibpiir Kngineering College, 275. 

Sibsagar, 263 ; Sihsagnr observator}", 285. 

Sidhpur, 88, 324, 355. 

Sikanclra, 341. 

Sikaram peak, 130, 131. 

Sikh States surveys 106. 

Sikkim, survey by Lieutenant Harman and Mr. 
Kol»erts, 126, 127 ; 151. 

Silahavn copper jdate grant, 342. 

Silchj:r, C5jP, 263. 

Silk manufactory at Sachu, 1.54 ; Silk shawls 
formerly manufactured at Paithana, 351, 

Sinclair, Mr. \V. F., 342. 

Singorgarh, 329. 

Simla survey, 80 ; Simla Hill States survey, 99 ; 
Simla and Jutog, map of, 225 ; Simla geology, 
239, 260 ; Simla barometrical ob'^ervalions, 
288 ; Simla observatory, 301, 306. 

Simms’s survey of Calenlta, 122. 

Sind, triangulation in Kasteru, 47 ; 231 j Blauford 
on geology of Western Sind, 241 ; tertiary rocks 
of, 256 ; Siiid fossils, 266, 268 ; Sind, Buddhist 
topes in, 323 ; Siial, archa?ological remains in, 
312 (iiole) ; Sind, Arabian conquest of, 348. 

Sinclair, Dr. 311. 

Singareni coal-field, 273. 

Singapore, 200, 234. 

Singhhhum, 244, 

Singora, 5. 

Siiigphos, 75. 

Sinus Arpat'icusy 46. 

Sirgnjah coal-field, 271. 

Sironcha, 210. 

Sironj, 58, 60, 201'.. 

Sirpur, 335. 

Sirsa. A'illage survey, 106. 

Sirthang. See Saithang. 

Sittang river, marine survey required of, 36. 

Siwalik hillp, 237 ; Siwulik and Narbada Eqiiida?, 
259 ; Siwalik fauna, 246, 263, 271. u 

Skaiidagupta, 331, 337. 

Sladen, Mr. Percy, 2.59, 268. 

Slavery in Kafivi‘'tau, 1.34. 

Sinalan, 92. 

Smart, Mr. B. B., 1 15. 

Smith, Mr. K. W., 339, 362, 363. 

Smith, Major Lees, 125. 

Smyth, Lieutenant Morris, R.N., surveys Nt*gu- 
patam and Kagore, 21 ; engaged iu buoying 
the China Bakir entrance to Irawadi, *26 ; 
surveys ports of Por^ndar, 3cc., 31. 

Snows, Himalayan, meteorologically consid^uvd, 
294, 295, 296, 297, 300, 308, 310. 

Soane irrigation cadastral survey, 114. 

Soup, Village of (Kashmir), 275. 
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Soliagpur coiil-field, 256. 

SoilK, classification of, 112. 

Sojali, 34« (note), 362. 

Solar j)hysics, 284, 289, 290, 291. 

Soldiers trained for surveying, 99. 

Somnath, 346 (note). 

Sonepet, 277. 

SonareWia, river, 348. 

Son river, old course of, examined, 828. 

Soralh, 347. 

Southern India, Archasologieal survey of, 356. 

Soti creek, 19, 

Souter, Captain, prisoner in Afghan War in 1842, 
131. 

South-east quadrilateral, 59. 

Southern Moscos, ,53. 

Southern Trigo^, 60. 

South Patches, Wrecks by, 28. 

South west quadrilateral, 59. 

Speir’s ‘‘ Ancient India,’* 356. 

Spelling of Indian names, 318. 

Springs, liyt of thermal, 258. 

Spirit-levelling operations, 200. 

Spiti,'253, 200, 275. 

Sravasti, 330, 337. 

Sri Gupta, ^Maharajah, 336. 

Sri Sailuin, 350. 

Srinagar observatory, 300. 

Statistical atlas of India, 226, 23C (note), 
l^taudard yard measures, 217. 

Stanford, Mr., 377. 

Statistical Survey of India, 314, et set/ pa (/. 
Steatite in Karnul, 277. 

Steel, (\)lonel E. H., 106, 116, 

Steel-facing for copi)er plates, Proeesa of, 223, 
^ 29 . 

Step lien, Mr. Carr, 348 (note). 

Sterling, K., 179 (note). 

Stevenson, Uev. Dr., 367. 

Stewart, Lieut. -Colonel, of Guide CJorps, 137. 
Stewart, Professor lb, 289. 

Stewart, Sir Donald, 129, 134, 137. 

Stiffe, C’aptain A. W., late I.N., directed to pro 
pare Annual Pet urn of Lighthouses and Vessels, 
'*13; entrusted with duty of issuing Notices to 
Mariners relating to India, 13 ; 34, 

Stirling. E., 179 (note). 

Storm flood in Bengal, 286. 

Strahan, Colonel C., 68, 130, 225. 

Strachey, General K., 205 (note). 

Strange, Colonel, 211, 216, 

Street, R.N., Commander A.D., 12. 

Strettell, Mr., 169. 

Stoliczka, Dr., 260. 

Stoge-cutting known to Hindus in Alexander’s 
, time^ 332. 

Stone towtr, The, 193 (note). 

Storm plieuomena, observations and warnings of, 
292, 295, 298, 304, 305. 307, S09, 310. 
t y 20821. 


! iub-Hiniiilayan districts of the Punjab, 105,271 
(note). 

Subansiri, 52, 163 (note). 

Subarmiti. See Sab.irmati. 

Siibathu, 80. 

Suez, mean sea levels at isthmus of, 202,213; 

maps of Suez canal, 224. 

Suliman mountains, Geology of, 251, >256, 257. 
Simargaon, 333. 

Siincbi reef, survey of, 10. 

Sundarbans, 23, 27, 28. 

Sungar, 179. 

Surasbtrn, 347. 

Surat, 89 ; Surat flooded, 297. 

, “ Surveys, Abstracts of,” 374. 

: Surveys, reduction in budget of, .39 ; compaiason 
i of three classes of, 101-3; Survey, equipment 
I in field, Report of Committee on, 138 ; Survey 
I instniments, 216. 

Surkhab valley (Baluchistan), 97 ; (Afghanistan), 
; 131, 278. 

Sunspots and weather, 308. 

Surveyor-Gcnerars Office, (’alcutta, 221. 

Sutlej river, 50. 

I Swan, ]\rr. J. W., 227. 

I Swat, 141, 150. 

I Swatch - of - no - ground, Kxnininatlon by the 
I “ Investigator” of, and description of, S3, 
j Sjlhct, 75, 76, 77, 78; Sylhet Mahalwar survey, 
j 114; coal for Sylhet, '265. 

1 vSjduey, 234. 
j “ Syud,” The, 149. 


T. 

Tabakat-i->JaBiii, !84 (note), 190 (note). 
Tabulation of metoorological observations, 301. 
Tagharnia peak, 192. 

Taliangarli fort, 336. 

Tailnn route, 1 80. 

Taimani country, 183-185. 

Taiwura, 183, 184, 185. 

Tajiks, 194. 

Taj Mahal, Agra, The, 322 ; decorations of, Sir 
George Bird wood on, 363. 

Takapaiii, 250. 

Takht-i-pul, 189. 

Takbt-i-Kustam, 190. 

Taklit-i- Suliman Expedition, 94, 147, 148, 260, 
264. 

Taklakhar, 50, 161. 

Tal, 92, 94, 129, 147, 268. 

TaUChotiali route to India, 94, 129, 136. 

Tal pass, 141. 

Talaings, the, 363. 

Talaja, 349. 
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Talbot, Captain, the Hon. G. M., 94, 95, 131%.] 
140, 172, 182, 189, 190. ' 1 

Tamil and Sanskrit inscriptions, Hr. llurgess on, 1 
371. ^ I 

Tandur, 240. 

Tandwa stupa, .330. 

Tangir, 142. 

Tanjoro, 40, 245. 

Tanner, Colonel U. C. H., 80, 97, 99, 122, 124, 
130 ; attempts to penetrate into Kafiristan, ib., 
144, 159, lOO, 101. 

“ Taptce,’’ brig, 15. 

Tapti river, 297, 329. 

Tarim river, the, 157. 

Tarnak valley, 133. 

Tashi Lhunpo, 158. 

'I’asJikurglum, 188, 189. See also Stone Tower. 
Tasieulu, 154, 155. 

Tasmanian Commissioners, 200. 

'raverucr, Lieut.-Colonel, 80. 

Tavoy, 1 ; Tavoy river, 2, 30, 53, 364. 

Tawaug, 151, 103, 164. 

Taxila, 326, 333, 337. 

Taylor, Colonel Meadows, 318, 321, 360. 

'l ay lor, Commander A. I)., late I.N., see passim 
through Chapter I.; his retirement and services, 
15. 

TchamOi, 165. 

'Peesta river, Survey of lands adjoining, 127. 
'JVjara, 330. 

Tejcud, 179 (note), 180. 

'rclegraphic determinations of longitudes, 209, 

210 , 212 . 

Telkupi, 329. 

'rolli cherry, 4. 

Telugu country, 351. 

Temple, Sir Ti., 7, 8, 314. 

Temples, illustrations of rock-cut, Mr. Fergussoii 
on, 300. 

Tenasserim, 27, 55, 201, 276, 278, 279, 280, 
*‘ 281 . 

Tengapani 1 liver, 5, 

Terai survey, 1 12. 

'rerriblc ” rocks, 30. 

'Permez, 187, 188. 

Tertiary fauna of Western India, 270. 

Tezin, Khan of, 135. 

Thabeitkyuu, 167. 

Thakot, 151. 

Thai Ghat, 200. 

Thana district forest surveys, 89 ; Thana collect- 
orate survey, 126 j Thana, antiquities in, 342. 
Thaneswar, 333. 

'fhal, 250. 

Thayetmyo, 53, 169; oil field.s of, 270; Thayet- 
m)o district, 364. 

Theohaw, king, 166. 

Theobald, Mr., 238, 246. 

Theodolite, Colonel Strange’s gi-ent, 219, 224. 


Thermal springs in India, list of, 258. 
t^Jhibaw, Tsawbwa of, 167. 

Thingkali, 153. 

'fho By a, Island of, 56. 

Thomas, Mr. Kdward, 348, 372, 

Thomason, Colonel, 7. 

Thompson, Hr., !95. 

'rhomson, Sir Wm., 197, 199, 203. 

Thonze, 160. 

Three Pagodas (between Siam and Tenasserim;, 
53. 

Thuillier, C.S.I., (general Sir II. L., topographical 
branch under dbntrol of, 88 ; retirement of* 40, 
224, 373. 

Thuillier, Colonel H. 11., K.K., succeeds Colonel 
J)e Pree as Surveyor-General of India, 45 ; 
in Mysore, 82. 

'Tian Shan mountains, 158. 

Tibet, Survey of frontier peaks of, 51 ; route 
surveys in, 120, 151-160; Mr. Griesbach on 
frontier of 'I'ibet, 26u ; metcorologicnl obser- 
vations in Western Tibet, 290. 

Tidal observations, 57, 196-208. 

'ride predictor, 198, 199, 217. 

Tiger, Distribution of the, in Badghiz, 195. 
'ligowa, 337. 

Tigu lake, 163. 

Tila La pass, 155. 

'Pilail, mountains of, 246. 

Time-ball at Fort William, 289. 

Tinnevelli, 35, 84, 8.5; Mr. Foote in Tinnfevelli, 
256, 200. 

'J'ipperah natives, 76. 

'Piruli valley, 91, 92. 

'I’iraj ('ririeli) Mir, 144. 

'rirpul bridge, 1 70. 

'j'oba. Eastern, Sir II. I’rendergast in, 99. 

'Poba plateau, survey of, 129. " 

'Pochi, 149. 

Todd, Mr. il., 110. 

Todd, Mr. 11. , 80. 

Tod, Major James, 348 (note). 

Tongoup, IJcutenant Chaimer surveys approaches 
to, 20, 21. 

Tonglm, 53. 

'Poiik, 140. 

'Topographical survey, accornplisbruont of first, 
of India, 38, 08 ; reduction in survey budget, 39 ; 
r(‘-organizatioii of department, amalgamation 
of trigonometrical and revenue survey branches 
with, 40 ; list of officers and surveyors in 
amalgamated department, 40, 41, 67a-99 ; com- 
pared with otlier surveys, 101. 

Topra or Tobra, 333. 

Torrens, Mr., Triangiilation by, in Pishin, 48. 
Tourmaline in Shan States, 279. 

'Tow'er, Mr. Beauchamp, 199. 

Townsend, Mr, II, A., 275, 270. 

'Trade, import and cxpbrt* Maps showing, 226. 
Trans-frontier regions, Explorations in, 128 ; 
mapping of, 231. 
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Transit of Venu-s 218. J,jftlrohha. 810, 083. 

Transit theodolites supplied in Af«fhaii operatiou:.^ 


132. 

•Trap, Deeean, 274. 

Tnivancore, 21, 35 ; survey of, 84, 8*5 ; Dr. King 
in, 253. 

Traverse surveys, 121. 

Treasy^ Trove Act, 3 M . 

Tree^iidjserpent worship, Mr. Fergusson on, 360. 
Trevelyan, Sir C., 318. 

'rriangpltttion, corroctiou of errors developed in, 

42 ; completion of entire triangulation of India, 

.'iS ; retrospect of, 58 ; stations of, 63, 235 ; see 
also Trigonometrical survey. 

Trichinopoly, 245 ; observatory at, 285. 
Trigonometrical survey, early history, 38 ; reduc- 
^tion of budget of, 39 ; re-organization of 
department, uimilgumation of topographical 
and revenue branches with, 40; list of officers 
and surveyors in amalgamated department, 
40, 41 ; Trigonometrical Survey Office, Debra ! 
Dun, 221, 232; account of operations of, 233. 
Triiicomali, 208. 

Tripalur reef surveyed, 28. 

'J^rivandrum observatory, 308. 

Trotter, Major, 192 and 193 (note), 24.5. 

Troughtou and Simms, JSlessrs., 217, 219. 

Tsaidam, 153. 

^Tui pass, 141. 

'^na, port of, 34. 

Timgabhadra river, 350. 

/Tiirbat-i-Haidri, 1 77. 

Tiirfan, 158. 

Turkis, 191. 

Turkeskan, Map of, 232, 235. 

Turkomans, 176 ; Krsari Turkomans, 181 ; Turko- 
man country, 194. 

'jybrner, Captain, 151, 153. 

Turner, Mr. A. W., 227. 

Turturia, Jlrahmun temples at, 332. 

Tusaran Bihar, 330. 

'rnticorin, 4 ; roadstead and harbour surveyed, 8, 
207. 

Tvv(*eu, Mr., 238. 

u. 

U. O. (Ugjren Gyatsho), Lama, 158, 159, 160, 1G2 
(note). 

Udaipur, 70, 73. 

Udayagiri, 331, 337, 358. 

Umaria cbal-field, 255, 264, 269, 273. 

Umarkot, 238. 

Umballa district survey, 106, 107. 

Unai hot spring, 88. 

Umlavilli, 357. 

TJn^ Dhnrra puss, 50, 

» Upheaval of coast between India and Ceylon, 
261. 

Urakzai valley, 21, 149. 


Urel, 331. 

Urittaiiug, 364. 
Uruvilwa forest, 330. 
Uz1)egs, 187, 189. 


V. 

Vatie mecumy Indian meteorologist’s, 288. 

Vaigai (Veghavati) river, 46. 

Vaishnava caves, 323. 

yaitarnay the coasting steamer, 3 )7. 

Valftj, 190 (note). 

Valabhi, inscriptions of kings of, ?7l. 

Valiahau fort, 190 (note). 

Vallis (■omedarum, 193 (note). 

Vambery, Professor, 179 (note). 

Vanreneu, General I). C., 100; his retirement, 
104. 

Varv,n43. 

Vcllar river, Triangulation across, 46. 

Vellur, Temple at, 359. 

Vengi, Kingdom of, 357. 

Venice, Geographical (-ongress, 88, 144, 156, 

221 . 

Ventura, General, 333. 

Venus, Transit of, 1874, 218. 

Verawal harbour, 7. 

Vicary, Captain, 257. 

Victoria, Minister for Mines, 266. 

Vienna Military Geographical Institute, 227. 
Viharast or Buddhist monasteries, 323. 

Vihowa basin, 148. 

Village or Muzawar survey, 102. 

Viltva or hvl trees. Forest of, mentioned in 
Buddha’s history, 330. 

Vindhyan mountains, 236, 250, 256, 269, 369. 
Vingorla, 18, 19. 

Vishnu Sastri Bapat, 868. 

Vizagapatam, 4, 21, 197, '201, 206, 212, 256; 

Vizagapatarn and Bakarganj cyclones, 287. 
Viziadrug, survey of, 4 ; collection, examination, 
and preservation of fauna of shores near, 6. 
Von Abich, Staatsrath, 257. 

Vypecu Island, Changes necessitating re-survey 
of, 5. 


w. 

Waagen, Dr., 251, 269, 263, 266, 270, 276, 278. 
Wadjra Karur diamond field, 266. 

Waghers, Commander Taylor sent in 1859 to 
pilot expeditionary forct‘ against, 16. 

Wahab, Captain, 95, 96, 97, 147, 160, 172. 

Wainn Gaga river, 329. 

Wajiristan, 180 (note). 

Wakhan, 143, 270. 



Walker, Mr., 1178. 

Walker, K.E., Major-General J. T., C.B., ap- 
pointed president of committee for inquiry into 
workinp^ of Marine Survey Department, 12 ; 
Trigonometrical IJranch under control of, 88 ; 
hurvey of India under control of, 41 ; notice 
of services of, 41 ; on the Lu river, 155, 156 
(note); on tidal observations, 197, 203; on 
pendulum observations, 234, 235. 

Walkh, 190 (note). 

Ward, I.N., Captain, 36. 

Wardttk, 136, 278. 

Wardha valley, 240, 248, 329. 

Warth, Dr., 278. 

Warwick, Mr., 49. 

AVasbinjrton (U. S.), 234. 

Washington, Admiral, 16. 

WaUTfield, Mr. 11., 377. 

Waterhouse, Colouel, 223, 225, 227. 

Waugh, Major-General {Sir A., 41, 62. 

Waziri country, surveyi in, 91, 146, 148. 

Weather reports and charts, Daily, 289, 299, 303. 

Wedgti hank. 19. 

Weighing balance for Mint al (’uleuthi, 217. 

WellesUy, Marquis, 366. 

Wellington, Duke of, 58, 

Wells, Deep, in Jodhpur, 81. 

Westenf coral banks (Andamans) sun'eyed, 30. 

Western Ghats, 6, 82, 202. 

Western India, monument ^ and rock-cut temples 
of, 322, 346. 

Westmacott, Mr. hi. V., 334 (note). 

Wharton, Captain, li.N., 207. 

Whish, TJeutenant, In^ survey of Back Bay, 
1861, 19. 

Whitehouse, R.N,, Lieutenant B., 30. 

Wilcox, Lieutenant, 171. 

AVild men in Northern Tibcd, 153. 

Wilkins, Major W. If., 107, 108, 116. 

Wjlkins, Sir Charles, 321, 367, 

Wilkinson, (icneral H. C., 94. 

Williams, Air. Moniev, 318. 

Willson, Mr. W. L,, <leath of, 247. 

Wilmer, CoUmel, 96. 

Wilson, Dr., 321, 354. 

Wilson, Major, survey of Khatmamlu valley by, 
162. 

Wind observations, 196, 301. 

AVood, Lieutenant, I.N., 193. 

Wood -carving in Gujrat, 325. 

Wood-mason, Mr. J., 31. 

Woodthorpe, Colonel, 52; in Lakhimptir, 75; on 
Assam frontier, 78, 79, 129 ; narrow escape of, 
at Faiwar pass, ib . ; accompanies Sir F. Iloberts 
towards Cabul, 183 ; member of (^luniittee on 
Survey Kquipments, 137; 146, 167. 

AA^oolber Dr.. 300. 


V Wil'cks and Casualties, Annual Heturn of, 3, 

Wuleeshan, 190 (note). 

Wurshigun river, 144. 

Wyatt, Mr., 167, 168. 

Wynne, M., 241, 246; retirement and servicoK 
of, 263. 


Y, 

Yukbaii IVni, 184^. 

Yakbsu river, J43. 

A^am-dok-lso lake, 151, 153, 158, 159, 1C3, 165. 
Yangi Ilissar, 192. 

Yang-tsc-kiaug river, Upper, 153, 154, 157. 

Yard measures, Standard, 217. 

Yarkand, 158, 192 . Yarkand mission, 171; 192 
(note), 194; Yarkand and Kasbgliar meteo- 
rology, 287. 

Yasin, 141, 112, 144, 150, 270. 

Yutfc, Captiiin, C.E., 194 (note). 

Yaw country, 168. 

Yenan-gyung oil fields, 276, 278. 

river, survey of approaches to, 27, 36. 

A'embi, 154. 

I Yeshil Kul, 193 (note). 

A'ule, Sir H., 166 (note). 

Yudish thira. 343 (note). ^ 

A'usuf Sharif, 9.5; in IVrsia, 99, 148, 185, 

190. 

A'uaufzai, 336, 344, 369. 


z. 

Zalarabud, 339, 340. 

Zaimukht, 133, 13.5. 

Zamindawar, 1B2, 185. 

Zanaklmii, 278. 

Zanskar, sapphires in, 273, 275. 

Zanzibar observatory, 308. 

Zarmast pass, 177, 179. 

Zarakhu valley, 279. 

Zayul Chu, 155, 15C (note). 

Zemi, 184, 186. 

Zhob valley, 91, 95 ; Sir H. Prendergast in, 99 ; 

146, 147, 148, 172. 

Ziarat, 97. 

Zohak-i-Maran, 184. 

Zoological investigations, Afghan Boundary 
Com mission, 194. 

Zorowar Sing’s Indian army routed by Chinese, 
50. 

Zohak, 190 (note). 

Zulhkar, 174, 176, 188. 
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